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TRIAZOLO PYRAZINES AND METHODS OF MAKING 
AND USING THE SAME 

BACKGROUND OF THE INVENTION 
Adenosine is a ubiquitous biochemical messenger. Adenosine binds to and 
activates certain seven transmembrane-spanning G-protein coupled receptors, eliciting 
a variety of physiological responses. Adenosine receptors are divided into four known 
subtypes (i.e. A u A 2a , A 2b , and A 3 ). These receptor subtypes mediate different and 
sometimes opposing effects. In general, activation of the adenosine A 2a or A 2b receptor 
leads to an increase in cellular cAMP levels, while activation of the adenosine Ai or A 3 
receptor leads to a decrease in cellular cAMP levels. A 2a adenosine receptors are 
abundant in the basal ganglia, a region of the brain associated with the pathphysiology 
of Parkinson's disease. For reviews concerning A^ adenosine receptors, see, e.g., 
Moreau et al., Brain Research Reviews 3 1 :65-82 (1 999) and* Svenningsson et al., 
Progress in Neurobiology 59:355-396 (1999). For a discussion of the role and 
regulation of adenosine in the Central nervous system, see, e.g., Dunwiddie et al., Ann. 
Rev. Neuroscience 24:31-55 (2001). <• , 

SUMMARY OF THE INVENTION 
. T ^ e pyeotion is based on the discovery that compounds of formula (I) are 
Unexpectedly potent antagonists of the A^ subtype of adenosine receptors. Many 
compounds of formula (I) also selectively inhibit the A 2a adenosine receptors. 
Adenosine antagonists of the present invention are useful in the prevention and/or 
treatment of various diseases and disorders related to modulation of A 2a adenosine 
receptor signaling pathways. Such a disease or disorder can be, e.g., neurodegenerative 
diseases such as Parkinson's disease and Parkinson' s-like syndromes such as 
progressive supranuclear palsy and multiple system atrophy, senile dementia such as 
Alzheimer's disease, depression, AIDS encephalopathy, multiple sclerosis, 
amyotrophic lateral sclerosis, migraine, attention deficit disorder, narcolepsy, sleep 
apnea or other disorders that cause excessive daytime sleepiness, Huntington's disease, 
cerebral ischemia, brain trauma, hepatic fibrosis, cirrhosis, and fatty liver. 
In one aspect, the invention features compounds of formula (I): 
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A can be aryl or heteroaryl. Each of R 2 and R 3 , independently, can be 
hydrogen, alkyl, cycloalkyl, cycloalkenyl, aryl, aralkyl, heterocycloalkyl, 
heterocycloalkenyl, heteroaryl, or heteroaralkyl. Each of X 1 , X 2 , and X 3 , 
independently, can be a bond, Ci-e alkylene, C2-6 alkenylene, or C 2 -e alkynylene; and 
each of the just-mentioned Ci^ alkylene, C 2 -6 alkenylene, and C 2 _ 6 alkynylene is either 
unsubstituted or substituted with alkyl, alkenyl, alkynyl, alkoxy, acyl, halo, hydroxy, 
amino, nitro, cyano, guanadind, amidino, carboxy, sulfo, mercapto, alkylsulfanyl, 
alkylsulfinyl, alkylsulfonyl, aminocarbonyl, alkylcarbonylamino, alkylsmfonylamino, 
alkoxycarbonyl, alkylcarbonyloxy, urea, thiourea, sulfamoyl, sulfamide, carbamoyl, 
cycloalkyl, cycloalkyloxy, cycloalkylsulfanyl, cycloalkylalkyl^ heterocydoalkyl, 
heterocycloalkyloxy, heterocycloalkylsulfanyl, heterocyloalkylalkyl, aryl, aryloxy, 
arylsulfanyl, aroyl, aralkyl, heteroaryl, heteroaryloxy, heteroarylsulfanyl, heteroaroyl, 
or heteroaralkyl. Y can be -NR a -, -O-, -S-, -SO-, -S0 2 -, -CO-, -CO2-, -O-CO-, -CO- 
NR a -, -NR a -CO-, -S0 2 -NR a -, -NR a -S0 2 -, -NR a -CO-NR b -, -NR a -CO-0 , -0-CO-NR a -, 
or a bond; where each of R a and R b , independently, can be hydrogen, alkyl, alkenyl, 
alkynyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl, heterocycloalkylalkyl, 
cycloalkenyl, heterocycloalkenyl, cycloalkenylalkyl, heterocycloalkenylalkyl, aryl, 
heteroaryl, aralkyl, or heteroaralkyl. R 1 is hydrogen, alkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkenyl, aryl, or heterocyclyl; each of said alkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkenyl, aryl, and heterocyclyl being optionally substituted alkyl, 
alkenyl, alkynyl, alkoxy, formyl, acyl, halo, hydroxy, amino, nitro, cyano, guanadino, 
amidino, oxo, carboxy, sulfo, mercapto, alkylsulfanyl, alkylsulfinyl, alkylsulfonyl, 
aminocarbonyl, allcylcarbonylamino, alkylsulfonylamino, alkoxycarbonyl, 
alkylcarbonyloxy, urea, thiourea, sulfamoyl, sulfamide, carbamoyl, cycloalkyl, 
cycloalkyloxy, cycloalkylsulfanyl, cycloalkylalkyl, heterocycloalkyl, 
heterocycloalkyloxy, heterocycloalkylsulfanyl, heterocyloalkylalkyl, aryl, aryloxy, 
arylsulfanyl, aroyl, aralkyl, heteroaryl, heteroaryloxy, heteroarylsulfanyl, heteroaroyl, 
or heteroaralkyl. L is a bond or a linker selected from the group consisting of: 
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wherein each of R' and R", independently, can be hydrogen, alkyl, alkenyl, alkynyl, 
alkoxy, acyl, halo, hydroxy, amino, nitro, oxo, thioxo, cyano, guanadino, amidino, 
carboxy, sulfo, sulfoxy, mercapto, alkylsulfanyl, alkylsulfinyl, alkylsulfonyl, 
aminocarbonyl, alkylcarbonylamino, alkylsulfonylamino, alkoxycarbonyl, 
alkylcarbonyloxy, urea, thiourea, sulfamoyl, sulfamide, carbamoyl, cycloalkyl, 
cycloalkyloxy, cycloalkylsulfanyl, heterocycloalkyl, heterocycloalkyloxy, 
heterocycloalkylsulfanyl, aryl, aryloxy, arylsulfanyl, aroyl, heteroaryl, heteroaryloxy, 
heteroarylsulfanyl, or heteroaroyl (note that two adjacent R' groups can join together to 
form a 4- to 8-membered optionally substituted cyclic moiety); X a can be -C(R 2 )(R 3 )-, 
-S-, -SO-, or -S0 2 -; X b is -C(R 2 )(R 3 )-, -NR 2 -, -O-, -S-, -SO-, or -S0 2 -; each of p, q, and 
m, independently, can be 0-3; each of ml and m2, independently, can be 0-2; each of r 
and rl, independently, can be 1 or 2; each of pi, p2, ql, and q2, independently, can be 
0- 2; r2 can be 0 or 1; nl can be 0-6; and n2 can be 2-6. 
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In one embodiment, X 1 can be alkynylene. In one embodiment, L can be abond 
or a linker selected from the group consisting of: 




m 




I— /T> 

In one embodiment, eaoh of X 2 and X 3 , independently, can be a bond or alkylene. In . 
one embodiment, Y can be -NR a -, -O-, -S-, *C0m££ -Q-CO-, -CO-NR 8 -, -NR a -CO-, or 
a bond. In one embodiment, R 1 can be alkyl, cycloalkyl, heterocycloalkyl, aryl, or 
heteroaryl'. _ 

In one embodiment, X 1 is alkynylene (e.g., C 2 ^ alkynylene such as propynyl); L 
is a bond; each of X 2 and X 3 is indepedently a bond or alkylene (e.g., Ci^ alkynylene); 
Y is a bond or -NR a - where R a is hydrogen or alkyl (e.g., d j, alkyl); and R 1 is alkyl 
(e.g., Cm alkyl), cycloalkyl (e.g., C 4 ^ cycloalkyl), heterocycloalkyl (e.g., 5- to 6- 
membered N-containing heterocycloalkyl such as pyrrolidine), aryl (e.g., phenyl or 
naphthalene), or heteroaryl (e.g., 5- to 6-membered N-containing heteroaryl such as 
pyridine, furan, or isoxazole, or fused ring-containing heteroaryl such as quinoline or 
isoquinoline); each of the R 1 groups is unsubstituted or substituted with halo, hydroxy, 
alkyl, aralkyl, or heteroaralkyl; A is furyl, thienyl, or pyridyl; and each of R 2 and R 3 is 
indepedently a bond or C1-4 alkyl. 

In one embodiment, X 1 can be a bond or alkylene. In one embodiment, L can 



be a bond or y . m one embodiment, each of X 2 and X 3 , 

indepedently, can be a bond, Ci_ 6 alkylene, or Qa* alkenylene. In one embodiment, Y 
can be a bond, -CO-, -CO-O-, -O-CO-, -CO-NR a -, or -NR a -CO-. In one embodiment, 
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. R 1 can be hydrogen, or R 1 can be alkyl (e.g., Cm fclkyl), cycloalkyl (e.g., Cm> 

cycloalkyl), heterocycloalkyl (e.g., 5- to 6-membered N-containing heterocycloalkyl 
such as pyrrolidine), aryl (e.g., phenyl or naphthalene), or heteroaryl' (e.g., 5- to 6- 
membered N-containing heteroaryl such as pyridine, furan, or isoxazole, or fused ring- 
5 containing heteroaryl such as quinoline or isoquinoline); each of the alkyl, cycloalkyl, 
heterocycloalkyl, aryl, or heteroaryl can be unsubstituted or substituted with alkyl, halo, 
hydroxy, alkoxycarbonyl, aminocarbonyl, aryl, aralkyl, heteroaryl, or heteroaralkyl. 

In one embodiment, each of X 1 and X 2 , independently, can be a bond; L can be 

(r) 

a bond or !> ; Y can be -CO-, -CO-O-, -O-CO-, -CO-NR 3 -, or -NR a - 

1 0 CO- where R a can be hydrogen t>r alkyl; X 3 can be Ci^ alkylene; R 1 can be hydrogen, 
or R 1 can be alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, and each of the 
alkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl is unsubstituted or substituted 
with alkyl, halo, hydroxy, alkoxycarbonyl, aminocarbonyl, aryl, aralkyl, heteroaryl, or 
heteroaralkyl; A can be furyl, thienyl, or pyridyl; and each of R 2 and R 3 , indepedently, 
15 can be a bond or C1-4 alkyl. 



In one embodiment, X can be a bond; L can be a bond or 




X 2 can be a bond, Ci- 6 alkylene, or C 2 -6 alkenylene; Y can be a bond, -CO-, -O-, -CO- 
NR a -, or -NR a -CO- where R a can be hydrogen or alkyl; X 3 can be a bond or Ci- 6 
alkylene; R 1 can be aryl or heterocycloalkyl, each of the aryl or heteroaryl can be 
20 unsubstituted or substituted with alkyl, halo, alkylsulfanyl, or amino; A can be furyl, 
thienyl, or pyridyl; and each of R 2 and R 3 , independently, can be a bond or C1-4 alkyl. 
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In one embodiment, L can be 



m2 or 




For example, L can be 




•(«■) 

x /m2 
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wherein X is -CH 2 -, pi is 1, p2 is 1 or 2, ql is 
1, r2 is 1 or 2, each of ml and m2 is independently 0 or 1, and each of R' and R" is 
independently fiydrogen or alkyl. In one embodiment, R 1 is cycloalkyl, 4 
cycloalkylalkyl, aryl, aralkyl, heterocyclyl, or heterocyeiplalkyL 

In another aspect, the invention features a compound of the following formula: 



' f 4 

jYy a 

| A S ^N NH 



(in) 



A can be aryl (e.g., phenyl) or heteroaryl (e.g., pyrazine, furan, thiophene, indole, 
thiazole, or pyrrole); and each of X a and X b , independently, can be chloro, bromo, or 
iodo (e.g., both X a and X b can be bromo). Examples of a compound of formula (III) are 
N-(3,5-dibromo-pyrazin-2-yl)-furan-2-carboxamidine are N-(3 ,5-dibromo-pyrazin-2- 
yl)-thiophene-2-carboxamidine. 

In another aspect, the invention features a compound of the following formula: 

x b 



N ' 



x a 



(IV) 



A can be aryl (e.g., phenyl) or heteroaryl (e.g., pyrazine, furan, thiophene, indole, 
thiazole, or pyrrole); and each of X a and X b , independently, can be chloro, bromo, or 
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iodo (e.g., both X a and X b can be bromo). Examples of a compound of formula (HI) are 
6,8-dibromo-2-furan-2-yl-[l 3 2,4]^ 

yl-[l,2,4]taazolo[l,5-a]pyrazine. " 
In another aspect, the invention features a compound of the followmg*formula: 



L A > 



5 x 3 ^ 5 ^ N 

A can be aryl (e.g., phenyl) or heteroaryl (e.g., pyrazine, furan, thiophene, indole, 
thiazole, or pyrrole); and each of R 2 and R 3 , independently, can be hydrogen, alkyl, 
cycloalkyl, cycloalkenyl, aryl, aralkyl, heterocycloalkyl, heterocycloalkenyl, heteroaryl, 
or heteroaralkyl (e.g., each of R 2 and R 3 is independently hydrogen or alkyl); and X a 
.10 can be chloro, bromo, or iodo (e.g., bromo). Some examples of a compound of formula 
(V) are6-bromo-2-rWan-2-yl-j;i,2,4]triazolo[l,5-a]pyrazm 
thiophen-2-yl-[ 1 ,2,4]triazolo[l 3-a]pyrazin-8-yl^ine, 2-fliran-2-yl-6-iodo~ 
[l,2,4]triazoio[l,5-a]pyrazin-8-ylam^ 
I jpyraziB-8-ylamine. 1 

15 another aspect, the invention includes a method of preparing a compound of 

the following formula: 

^ H - 

T (in) 

A can be aryl or heteroaryl; and each of X a and X b is independently chloro, bromo, or 
iodo. The method includes reacting a pyrazine of formula (II) 

X b 

N -L^NH 2 



N' 




20 X a 

with a cyano-substited compound A (where X a , X b , and A have been defined above) in 
the presence of a Lewis acid to form a compound of formula (HI). For example, A can 
be phenyl, pyrazine, furan, thiophene, indole, thiazole, or pyrrole; and both X a and X b 
can be bromo. Examples of the Lewis acid are A1C1 3 and ZnCl 2 . 
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The invention also features a method of preparing a compound of the following 
formula: 

X b 

r, r , (IV) 



x a^N>" A 



A can be aryl (e.g., phenyl) or heteroaryl (e.g., pyrazine, furan, thiophene, indole, 
thiazole, or pyrrole); and each of X a and X b , independently, can be chloro, bromo, or 
iodo (e.g., both X a and X b can be bromo). The method includes cyclizing a compound 
of formula (III), which has been defined above, in the presence of an oxidizing agent 
(e.g., Pb(OAc) 4 , NaOCl, or 2-iodoxybenzoic acid) to form a compound of formula (IV). 

The invention also features a method of preparing a compound of the following 
formula: * - 

NH ? 




(V) 

A can be aryl (e.g., phenyl) or heteroaryl (e.g., pyrazine, furan, thiophene, indole, 
thiazole, or pyrrole); and X a can be chldro, bromo, or iodo (e.g., Iromo). The method 
comprising aininating a compound of formula; (IV), which has been defined above, 
in the presence of anhydrous ammonia, to form a compound of formula (V). 

Preparation of a compound of formula (V) from a compound of formula (II) 
using the methods described above is also within the scope of this invention. 
^ Some examples of a compound of formula (I) are shown in Examples 1-230 
below. 

An JV^oxide derivative or a pharmaceutically acceptable salt of each of the 
compounds of formula (I), formula (III), formula (IV), and formula (V) is also within 
the scope of this invention. For example, a nitrogen ring atom of the triazolotriazine or 
the pyrazolotriazine core ring or a nitrogen-containing heterocyclyl substituent can 
form an oxide in the presence of a suitable oxidizing agent such as m-chloroperbenzoic 
acid or H2O2. 

A compound of formula (I) that is acidic in nature (e.g., having a carboxyl or 
phenolic hydroxyl group) can form a pharmaceutically acceptable salt such as a 
sodium, potassium, calcium, or gold salt. Also within the scope of the invention are 
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salts formed with pharmaceutically acceptable amines such as ammonia, alkyl amines, 
. hydroxyalkylamines, and N-methylglycamine. A compound of formula (I) can be 
treated with an acid to form acid addition salts. Examples of such an acid include 
hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfuric acid, methanesulfonic 
acid, phosphoric acid,/?4)romophenyl-sulfonic acid, carbonic acid, succinic acid, citric 
acid, benzoic acid, oxalic acid, malonic acid, salicylic acid, malic acid, fumaric acid, 
ascorbic acid, maleic acid, acetic acid, and other mineral and organic acids well known 
to a skilled person in the art. The acid addition salts can be prepared by treating a 
compound of formula (I) in its free base form with a sufficient amount of an acid (e.g., 
hydrochloric acid) to produce an acid addition salt (e.g., a hydrochloride salt). The acid 
addition salt can be converted back to its free base form by treating the salt with a 
suitable dilute aqueous basic solution (e.g., sodium hydroxide, sodium bicarbonate, 
.potassium carbonate, or ammonia). Compounds of formula (I) can also be, e.g., in a 
^forin of achiral compounds, racemic mixtures, optically active compounds, pure 
diastereomers, or a mixturfe of diastereomers. 

Compounds of formula (I) exhibit surprisingly high affinity to the A 2a subtype 
of adenosine receptors, e.g., with Ki values of less than 10 jjM under conditions as 
" described in Example 231, Some compounds of formula (I) exhibit Ki values of below 
1 pM. Many compounds of formula (I) are selective inhibitors of the A? a adenosine 
receptors (e.g., these compounds inhibit the adenosine receptors at least 10 times 
better than the other subtypes of adenosine receptors, e.g., the Ai adenosine receptors 
or the A3 adenosine receptors). 

Compounds of formula (I) can also be modified by appending appropriate 
functionalities to enhance selective biological properties. Such modifications are 
known in the art and include those that increase biological penetration into a given 
biological system (e.g., blood, lymphatic system, central nervous system), increase oral 
availability, increase solubility to allow administration by injection, alter metabolism, 
and/or alter rate of excretion. Examples of these modifications include, but are not 
limited to, esterification with polyethylene glycols, derivatization with pivolates or fatty 
acid substituents, conversion to carbamates, hydroxylation of aromatic rings, and 
heteroatom-substitution in aromatic rings. 

In another aspect, the present invention features a pharmaceutical composition 
comprising a compound of formula (I) (or a combination of two or more compounds of 
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fonnula (I)) and a pharmaceutical^ acceptable carrier. Also included in the present 
invention is a medicament composition including any of the compounds of formula (I), 
alone or in a combination, together wifh a suitable excipient. 

In a further aspect, the invention features a methqd of inhibiting the A 2a 
adenosine receptors (e.g., with an Ki value of less than 10 i*M; preferably, less than 1 
|iM) in a cell, including the step of contacting the cell with an effective amount of one 
or more compounds of formula (I). Also with the scope of the invention is a method of 
modulating the A 2a adenosine receptor signaling pathways in a cell or in a subject (e.g., 
a mammal such as human), including the step of contacting the cell with or 
administering to the subject an effective amount of one or more of a compound of 
formula (I). 

Also within the scope of the present invention is a method of treating a subject 
or preventing a subject suffering from a condition or a disease wherein Hie causes or 
- symptoms of the condition or disease are asspciat^with an activation of the A 2a 
adenosine receptor. The method includes the step of administering to the subject an 
effective amount of one or more of a compound of formula (I). The conditions or 
diseases can be, e.g., neurodegenerative diseases such as Parkinson's disease and 
Parkinson's-like syndromes such as progressive supranuclear palsy and multiple system 
atrophy, senile dementia such as Alzheimer's disease, depression, AIDS 
encephalopathy, multiple sclerosis, amyotrophic lateral sclerosis, migraine, attention 
deficit disorder, narcolepsy, sleep apnea or other disorders that cause excessive daytime 
sleepiness, Huntington's disease, cerebral ischemia, brain trauma, hepatic fibrosis, 
cirrhosis, and fatty liver. 

Compounds of formula (I) may be utilized as sedatives, muscle relaxants, 
antipsychotics, antidepressants, anxiolytics, analgesics, respiratory stimulants, 
antiepileptics, anticonvulsants, and cardioprotective agents. 

Also within the scope of the invention is a method of treating or preventing a 
condition or a disease characterized by or resulted from an over-activation of the A 2a 
adenosine receptor by administering to a subject in need of such a treatment an 
effective amount of any of compounds of formula (I) in combination with one or more 
known A 2a antagonists. For example, a patient suffering from Parkinson's disease can 
be treated by administering an effective amount of a compound of formula (I) in 
combination with an agent such as L-DOPA, a dopaminergic agonist, an inhibitor of 
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monoamine oxidase (type B), a DOPA decarboxylase inhibitor, or a catechol-O- 
methyltransferase inhibitor. The*eompound of formula (I) and the agent can be 
administered to.a patient simultaneously or in sequence. The invention also includes a 
pharmaceutical composition containing one or more of a compound of formula (I), one 
* or more of a known A 2a antagonist, and a suitable excipient. 

As used herein, an "alkyl" group refers to a saturated aliphatic hydrocarbon 
group containing 1-8 (e.g., 1-6 or 1-4) carbon atoms. An alkyl group can be straight or 
branched. Examples of an alkyl group include, but are not limited to, methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, n-heptyl, and 2- 
ethylhexyl. An alkyl group can be optionally substituted with one or more substituents 
such as alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, 
. aralkyloxy, heteroarylalkoxy, amino, nitro, carboxy, cyano, halo, hydroxy, sulfo, 
mercapto, alkylsulfanyl, alkylsulfinyl, alkylsulfonyl, aminocarbonyl, 
alkylcarboriylamino, cycloalkylcarbonylamino, cycloalkyl-alkylcarbonylamino, 
arylcarbonylamino, aralkylcarbonylamirio, heterocycloalkyl-carbonylamino, 
heterocycloalkyl-alkylcarbonylamino, heteroarylcarbonylamino, 
heteroaralkylcarbonylamino, urea, thiourea, sulfamoyl, sulfamide, alkoxycarbonyl, or 
' alkylcarbonyloxy. An "alkylene" is a divalent alkyl group, as defined herein. 

As used herein, an "alkenyl" group refers to an aliphatic carbon group that 
contains 2-8 (e.g., 2-6 or 2-4) carbon atoms and at least one double bond. Like an alkyl 
group, an alkenyl group can be straight or branched. Examples of an alkenyl group 
include, but are not limited to, allyl, isoprenyl, 2-butenyl, and 2-hexenyl. An alkenyl 
group can be optionally substituted with one or more substituents such as alkoxy, 
cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy, 
heteroarylalkoxy, amino, nitro, carboxy, cyano, halo, hydroxy, sulfo, mercapto, 
alkylsulfanyl, alkylsulfinyl, alkylsulfonyl, aminocarbonyl, alkylcarbonylamino, 
cycloalkylcarbonylamino, cycloalkyl-alkylcarbonylamino, arylcarbonylamino, 
aralkylcarbonylamino, heterocycloalkyl-carbonylamino, heterocycloalkyl- 
alkylcarbonylamino, heteroarylcarbonylamino, heteroaralkylcarbonylamino, urea, 
thiourea, sulfamoyl, sulfamide, alkoxycarbonyl, or alkylcarbonyloxy. An "alkenylene" 
is a divalent alkenyl group, as defined herein. 

As used herein, an "alkynyl" group refers to an aliphatic carbon group that 
contains 2-8 (e.g., 2-6 or 2-4) carbon atoms and has at least one triple bond. An 
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alkynyl group can be straight or branched. Examples of an alkynyl group include, but 
are not limited to, propargyl and butynyl. An alkynyl group can be optionally 
.substituted with one or more substituents such as alkoxy, cycloalkyloxy, 
heterocycloalkyloxy, aryloxy, heteroaryloxy, aralkyloxy, heteroarylalkoxy, amino, 
nitro, carboxy, cyano, halo, hydroxy, sulfo, mercapto, alkylsulfanyl, alkylsulfinyl, 
alkylsulfonyl, aminocarbonyl, alkylcarbonylamino, cycloalkylcarbonylamino, 
cycloalkyl-alkylcarbonylamino, arylcarbonylamino, aralkylcarbonylamino, 
heterocycloalkyl-carbonylamino, heterocycloalkyl-alkylcarbonylamino, 
heteroarylcarbonylamino, heteroaralkylcarbonylamino, urea, thiourea, sulfamoyl, 
sulfamide, alkoxycarbonyl, or alkylcarbonyloxy. An "alkynylene" is a divalent alkynyl 
group, as defined herein. 

As used herein, an "amino" group refers to — NR X R Y wherein each of R x and R Y 
c is independently hydrogen, alkyl, cycloalkyl, (cycloalkyl)alkyl, aryl, aralkyl, 
heterocycloalkyl, (heterocycloalkyl)alkyl, heteroaryl, or heteroaralkyl. When the term 
"amino" is not the terminal group (e.g., alkylcarbonylamino), it is represented by -NR X - 
. R has the same meaning as defined above. 

As used herein, an "aryl" group refers to phenyl,*haphthyi, or a benzofused 
group having 2 to 3 rings. For example, a ben?ofused group includes phenyl fused with 
one or two C 4 -g carbocyclic moieties, e.g., 1, 2, 3, 4-tetrahydrpnaphthyl, indanyl, or 
fluorenyl. An aryl is optionally substituted with one or inore substituents such as alkyl 
(including carboxyalkyl, hydroxyalkyl, and haloalkyl such as trifluoromethyl), alkenyl, 
alkynyl, cycloalkyl, (cycloalkyl)alkyl, heterocycloalkyl, (heterocycloalkyl)alkyl, aryl, 
heteroaryl, alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, 
aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, amino, nitro, carboxy, 
alkoxycarbonyl, alkylcarbonyloxy, aminocarbonyl, alkylcarbonylamino, 
cycloalkylcarbonylamino, (cycloalkyl)alkylcarbonylamino, arylcarbonylamino, 
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino, 
(heterocycloalkyl)alkylcarbonylamino, heteroarylcarbonylamino, 
heteroaralkylcarbonylamino, cyano, halo, hydroxy, acyl, mercapto, alkylsulfanyl, 
sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl. 

As used herein, an "aralkyl" group refers to an alkyl group (e.g., a Cm alkyl 
group) that is substituted with an aryl group. Both "alkyl" and "aryl" have been defined 
above. An example of an aralkyl group is benzyl. 
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As used herein, a "cycloalkyl" group refers to an aliphatic carbocyclic ring of 3- 
10 (e.g., 4-8) carbon atoms. Examples of cycloalkyl groups include cyclopropyl, 
cyclopentyl, cyclohexyl, cycloheptyl, adamantyl, norbqrnyl, cubyl, octahydro-indenyl, 
.decahydro-naphthyl, bicyclo[3.2.1]octyl, bicyclo[2.2.2]octyl, bicyclo[3.3.1]nonyl, and 
bicyclo[3.2.3]nonyl,. A "cycloalkenyl" group, as used herein, refers to a non-aromatic 
carbocyclic ring of 3-10 (e.g., 4-8) carbon atoms having one or more double bond. 
Examples of cycloalkenyl groups include cyclopentenyl, 1,4-cyclohexa-di-enyl, 
cycloheptenyl, cyclooctenyl, hexahydro-indenyl, octahydro-naphthyl, 
bicyclo[2.2.2]octenyl, and bicyclo[3.3.1]nonenyl,. A cycloalkyl or cycloalkenyl group 
can be optionally substituted with one or more substituents such as alkyl (including 
carboxyalkyl, hydroxyalkyl, and haloalkyl such as trifluoromethyl), alkenyl, alkynyl, 
cycloalkyl, (cycloalkyl)alkyl, heterocycloalkyl, (heterocycloalkyl)alkyl, aryl, 
heteroaryl, alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy, 
aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, amino, nitro, carboxy, 
alkoxycarbonyl, alkylcarbonyloxy, aminocarbonyl, alkylcarbonylamino, 
^ycloalkylcarbonylamino, (cycloalky^alkylcarbonylamino, arylcart>onylamino, 
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino, • 
(hetWocycloalkyl)alkylcaibonylamino, heteroarylcarbonylamino, 
heteroaralkylcarbonylaminc), cyano, halo, hydroxy, acyl, mercapto, alkylsulfanyl, 
sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl. 

As used herein, a "heterocycloalkyl" group refers to a 3- to 10-membered (e.g., 
4- to 8-membered) saturated ring structure, in which one or more of the ring atoms is a 
heteroatom, e.g., N, O, or S. Examples of a heterocycloalkyl group include piperidinyl, 
piperazinyl, tetrahydropyranyl, tetrahydrofuryl, dioxolanyl, oxazolidinyl, 
isooxazolidinyl, morpholinyl, octahydro-benzofuryl, octahydro-chromenyl, octahydro- 
thiochromenyl, octahydro-indolyl, octahydro-pyrindinyl, decahydro-quinolinyl, 
octahydro-benzo[Z>]thiophenyl, 2-oxa-bicyclo[2.2.2]octyl, l-aza-bicyclo[2.2.2]octyl, 3- 
aza-bicyclo[3.2.1]octyl, anad 2,6-dioxa-tricyclo [3.3.1. 0 3,7 ]nonyl. A 
"heterocycloalkenyl" group, as used herein, refers to a 3- to 10-membered (e.g., 4- to 8- 
membered) non-aromatic ring structure having one or more double bonds, and wherein 
one or more of the ring atoms is a heteroatom, e.g., N, O, or S. A heterocycloalkyl or 
heterocycloalkenyl group can be optionally substituted with one or more substituents 
such as alkyl (including carboxyalkyl, hydroxyalkyl, and haloalkyl such as 
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trifluoromethyl), alkenyl, alkynyl, cycloalkyl, (cycloalkyl)alkyl, heterocycloalkyl, 
(heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy, cycloalkyloxy, heterocycloalkyloxy, 
^aryloxy, heteroarylopcy, aralkyloxy, heteroaralkyloxy, aroyl, beteroaroyl, amino, nitro, 
carboxy, alkoxycarbonyl, alkylcarbonyloxy, aminocarbonyl, alkylcarbonylamino!, 
cycloalkylcarbonylamino, (cycloalkyl)alkylcarbonylamino, arylcarbonylamino, 
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino, 
(heterocycloalkyl)alkylcarbonylamino, heteroarylcarbonylamino, 
heteroaralkylcarbonylamino, cyano, halo, hydroxy, acyl, mercapto, alkylsulfanyl, 
sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl. 

A "heteroaryl" group, as used herein, refers to a monocyclic, bicyclic, or 
tricyclic ring structure having 5 to 15 ring atoms wherein one or more of the ring atoms 
is a heteroatom, e.g., N, O, or S and wherein one ore more rings of the bicyclic or 
tricyclic ring structure is aromatic. Some examples of heteroaryl are pyridyl, furyl, 
pyrrClyl, thienyl, thiazolyl, oxazolyl, imidazolyl, indolyl, tetrazolyl, benzofuryl, 
i benzthiazolyl, xanthene, thioxanthene, phenothiazine, dihydroindole, and 
benzo[l,3]dioxole. A heteroaryl is optionally substituted witfi one or more substituents 
such as alkyl (including carboxyalkyl, hydroxyalkyl, and haloalkyl such as 
trifluoromethyl), alkenyl, alkynyl, cycloalkyl, (cyplpalkyl)alkyl, heterocycloalkyl, 
(heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy, cycloalkyloxy, ffeteirocycloalkyloxy, 
arylbxy, heteroaryloxy, aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, amino, nitro, 
carboxy, alkoxycarbonyl, alkylcarbonyloxy, aminocarbonyl, alkylcarbonylamino, 
cycloalkylcarbonylamino, (cycloalkyl)alkylcarbonylamino, arylcarbonylamino, 
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino, 
(heterocycloalkyl)alkylcarbonylamino, heteroarylcarbonylamino, 
heteroaralkylcarbonylamino, cyano, halo, hydroxy, acyl, mercapto, alkylsulfanyl, 
sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl. A "heteroaralkyl" 
group, as used herein, refers to an alkyl group (e.g., a C1-4 alkyl group) that is 
substituted with a heteroaryl group. Both "alkyl" and "heteroaryl" have been defined 
above. 

As used herein, "cyclic moiety" includes cycloalkyl, heterocycloalkyl, 
cycloalkenyl, heterocycloalkenyl, aryl, or heteroaryl, each of which has been defined 
previously. 
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As used herein, an "acyl" group refers to a formyl group or alkyl-C(=0)- where 
"alkyl" has been defined previously. Acetyl and pivaloyl are examples of acyl groups. 

As used herein, a "carbamoyl" group refers to a group having the structure -O- 
CO-NR x R Y or -NR X -CO-0-R Z wherein R x and R Y have been defined above and R z is 
alkyi, cycloalkyl, (cycloalkyl)alkyl, aryl, aralkyl, heterocycloalkyl, 
(heterocycloalkyl)alkyl, heteroaryl, or heteroaralkyl. 

As used herein, a "carboxy" and a "sulfo" group refer to -COOH and -SO3H, 
respectively. 

As used herein, an "alkoxy" group refers to an alkyl-O- group where "alkyl" has 
been defined previously. 

As used herein, a "sulfoxy" group refers to -0-SO-R x or -SO-0-R x where R x 
has been defined above. 

- As used herein, a "halogen" or "halo" group refers to fluorine, chlorine, 
bromine or iodine. 

As used herein, a "sulfamoyl" group refers to the structure -SC£-NR X R Y or - 
" NR x -S0 2 rR z wherein R X ,R Y , and R z have been defined above. • . 

As used herein, a "sulfamide" group refers to the structure -NR X -S(0) 2 -NR Y R z 
wherein R x , R Y and R z have been defined above. 

As used herein, a "urea" group refers to the structure -NR x -CO-NR Y R z and a 
"'thiourea" group refers to the sfructure -NR X -CS-NR Y R Z . R x , R Y and*R z have been 
defined above. 

As used herein, an effective amount is defined as the amount which is required 
to confer a therapeutic effect on the treated patient, and is typically determined based 
on age, surface area, weight, and condition of the patient. The interrelationship of 
dosages for animals and humans (based on milligrams per meter squared of body 
surface) is described by Freireich et al., Cancer Chemother. Rep., 50: 219 (1966). 
Body surface area may be approximately determined from height and weight of the 
patient. See, e.g., Scientific Tables, Geigy Pharmaceuticals, Ardsley, New York, 537 
(1970). As used herein, "patient" refers to a mammal, including a human. 

An antagonist is a molecule that binds to the receptor without activating the 
receptor. It competes with the endogenous ligand(s) or substrate(s) for binding site(s) 
on the receptor and, thus inhibits the ability of the receptor to transduce an intracellular 
signal in response to endogenous ligand binding. 
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As compounds of formula (I) are antagonists of the A 2a subtype of the 
adenosine receptors, these compounds are useful in inhibiting the consequences of 
signal transduction through the adenosine A 2a receptor, thus, compounds of formula 
(I) possess the therapuetical utility of treating and/or preventing disorders or diseases 
for which inhibition of the adenosine A 2a receptor signaling pathways is desirable (e.g., 
Parkinson's disease or depression). 

Unless otherwise defined, all technical and scientific terms used herein have the 
same meaning as commonly understood by one of ordinary skill in the art to which this 
invention belongs. All publications, patent applications, patents, and other references 
mentioned herein are incorporated by reference in their entirety. In addition, the 
materials, methods, and examples are illustrative only and not intended to be limiting. 

Other features and advantages of the invention will be apparent from the 
following detailed description, and from the claims. 

fc-V - - • ♦ • ■* * .. ■* - • * ■ ** • 

DETAILED DESCRIPTION OF THE INVENTION 
.Unless otherwise defined, all technical and scientffic terms used herein have the 
same meaning as commonly understood by one of ordinary skill in the art to which this 
invention belongs. Although methods and materials similar or equivalent to th6se [ 
described herein "can be used in the practice or testing of the present invention, suitable 
materials and methods are described below. All publications, patent applications, 
patents, and other references mentioned herein are incorporated by reference in their 
entirety. In addition, the materials, methods, and examples are illustrative only and are 
not intended to be limiting. 

Synthesis of the Adenosine Antagonist Compounds 

Compounds of formula (I) may be prepared by a number of known methods 
from commercially available or known starting materials. 

In one method, a compound of formula (I) is prepared via a key starting 
material of formula (V): 



NR 2 R 3 
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wherein A is aryl or heteroaryl, R 2 and R 3 are both hydrogen, and X a is chloro, bromo, 
or iodo. This compound of formula (V) can be prepared according to the method 
depicted in Scheme 1 below. Specifically, a compound of formula (II), where each of 
X a and X b is independently chloro, bromo, or iodp, can react with a cyano-substituted 
5 compound A, where A has been defined immediately, to form an amidine intermediate 
of formula (III) in the presence of a Lewis acid, preferably a strong Lewis acid such as 
AICI3 or ZnCl2. This reaction can take place in a wide variety of solvents, e.g., toluene, 
nitrobenzene, or dichloroethane, at an elevated temperature, e.g., in the range of 80°C 
to 120°C. Alternatively, the amidine formation reaction can be conducted using 

10 potassium t-butoxide in THF at reflux. The amidine intermediate (III) can oxidatively 
cyclize in the presence of a reagent such as Pb(OAc) 4 , NaOCl, or 2-iodoxybenzoic acid 
QBX) to form a triazolopyrazine of formula (IV), which lan then be treated with . 
ammpnia to yield a compound of formula (V). See, e.g., Examples 1A-1C below. 

As mentioned above, the amidine synthesis can take place in many solvents. 

15 Generally, it was found that the efficiency of conversion to the amidine product is 
directly correlated to the solubility of the starting material in the solvent. 
Dichloroethane and nitorobenzene are the preferred solvents among the solvents tested. 
The amidine synthesis was also examined with different ^mounts of Lewis acid such as 
AICI3. It was. found that the reaction generally converts with high efficiency (i.e., % 

20 conversion) when the amount of Lewis acid ranging from about 0.25 equiv. (relative to 
the amount of compound (II)) to about 2.5 equiv. (preferably from about 0.5 equivalent 
to about 2.0 equivalents) was used. The most efficient conversion occurred when about 
0.8 to about 1 .2 equiv. of Lewis acid was used. For example, one exemplary set of 
condition employ nitrobenzene or dichloroethane, a reaction temperature of around 

25 1 10°C, and 1 equiv. of A1C1 3 . 

Scheme 1 
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N X.NH 2 NC-A | {j A 

jl J. Lewis acid II J, 

Xa-^N (e.g.,AICI 3 ) X a "^ N NH 

CD - (III) 

f b NR 2 R 3 
Pb(OAc) 4 N^K^N NR 2 R 3 N ^k^N ^ 

(IV) (V) 
Alternatively, the key starting material of formula (V) can be prepared 
according to the method depicted in Scheme 2 below. Specifically, one can use the 
same compound (II) as described in Scheme 1 above to react with an aminating agent 
such as t-butyl O-mesitylene carbamate to form a pyrazinium salt intermediate (VI). 
See Journal of Heterocyclic Chemistry, 12 (1):107-110 (1975) for the preparation of the 
aminating agent. The pyrazinium salt intermediate (VI) can then undergo a 
condensation reaction with a compound of the formula A-CHO (i.e., an aryl aldehyde * 
of heteroaryl aldehyde) to form an intermediate of formula (VII), which can react with 
ammonia to yield a compound of formula (V). See, e.g., Example 2. 



Scheme 2 



X b x b 
I WH 1 . t-butyl O-mesitylene I 
N^V NM2 carbamate Mts0 - N A^ NH 2 



Xa^ N 2.TFA X^^NH 2 

(II) (VI) 

X b NR2R3 
A-CHO MtsO" KI ^L^NH 2 NR 2 R 3 . 



+ N ^A X a 

(VII) (V) 
A compound of formula (I) can be prepared from a compound of formula (V) 
by many known methods. For example, a compound of formula (I) wherein X 1 , X 2 , or 
X is directly connected to the triazolopyrazine core ring can be prepared by 
Sonogashira coupling reaction as shown in Scheme 3 below. Specifically, a compound 
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of formula (V) can react with 311 optionally substituted alkynyl (e.g., R^X^Y-X 2 -!^- 
X la wherein X la is an alkynyl) to form a compound of formula (I) wherein X 1 is an 
alkynylene. See, e.g., Examples 3 and 12 below. Further treatment of this compound 
of formula (I) with an appropriate reducing agent yields a confound of formula (I) 
wherein X 1 is an alkylene or alkenylene. See, e.g., Examples 13 and 35 below. 



Scheme 3 



NR2R3 R 1_ X 3_ Y -X 2 -L^H^= 

l^^v^^N (where t is 0-6) ^ 

3^"-H~ A Pd ( PPh 3)4, CUI 

base (e.g., DIEA or TEA) 

(V) 



NR 2 R 3 



R 1 -X 3 -Y-X 2 -L</>== 



(I) 




"reducing agent 
. .{e.g., UAIH4) 



NR 2 R 3 



reducing agent 
(e.g., 10% Pd-C) 



R 1 -X 3 ~Y-X 2 -L<>= 
(I) 



J* 1 — X 3 -Yt-X 2 ~L- 




NR 2 R 3 




(I) 



Alternatively, a compound of formula (I) can react with an alkynyl (e.g., a 
compound of the formula L'-X la where L' is a precursor of L and X la has been defined 
above) to form an intermediate, which can further react with a compound of the 
formula R^X^Y-X^L" to form a compound of formula (I). As an example, 6- 
bromo-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-8-ylamine can react with prop-2-yn- 
l-ol to form 3-(8-amino-2-furan-2-yl-[l,2,4]tt^ 

ol, which can then react with phenol in the presence of triphenyl phosphine and 
diisopropyl azodicarboxylate to form 2-furan-2-yl-6-(3-phenoxy-prop-l-ynyl)- 
[l,2,4]triazolo[l,5-a]pyrazin--8-ylamine, a compound of formula (I). See, e.g., Example 
22 below. 

As another example, one can prepare a compound of formula (I) wherein L is a 
phenyl that connects directly to the triazolopyrazine core ring by using Suzuki coupling 
reaction as shown in route (A) of Scheme 4 below. Note that X a is chloro or bromo. 
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See Example 4. On the other hand, if L contains a nitrogen atom that cormects directly 
to the triazolopyfazine core ring (e.g., L is a piperazinyl ring wherein one of the 
nitrogen ring atoms is connected to tne triazolopyrazine core ring), one can react a 
compound of formula (V) with a compound of the formula R-X 3 -Y-X 2 -L to form a 
compound of formula (I). See route (B) of Scheme 4 below. As apparent to a skilled 
person in the art, one can also react a compound L (e.g., a diamine compound such as 
piperazine or ethylene diamine) with a compound of formula (V) to form an 
intermediate, which can further react with a compound of the formula R ! -X 3 -Y-X 2 - 
LG where LG represents a leaving group (e.g., chloro or bromo) to yield a compound 
of formula (I). An example of a compound of the formula R-X 3 -Y-X 2 -LG is (3- 
chloropropyl)benzene. 

Scheme 4 * 

' Nr2 R 3 , * * , /=y*(OH)2 NR 2 R 3 

"* x 8 '^ N ^ Pd ( d PPf)CI 2 orPd(PPh 3 )CI 2 . R i_ X 3-Y-X 2 --^y^' N " N • 

(V) . . ' . • . :<})"' 

NR 2 R 3 NR 2 R 3 
(B) N^N^N R 1 -X 3 -Y~X 2 -L 

X a-^^ N ^N ( e -9» L = Piperazine) R 1— X 3_ Y — x 2 Lr^ N " N 

(V) (I) 
As a further example, one can prepare a compound of formula (I) wherein Y is - 
CO-O that connects directly to the triazolopyrazine core ring as shown in the first 
reaction of Scheme 5 below. The resulting compound of formula (I) can be converted 
into other compounds of formula (I) by methods well known to a skilled person in the 
art. For example, the methyl ester compound of formula (I) can undergo hydrolysis to 
form a carboxylic acid compound of fomula (I), which can further react with an amine 
to form an amide compound of formula (I). See the second and third reactions of 
Scheme 5 and Examples 8 and 1 1 below. 



Scheme 5 
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NR 2 R 3 NR 2 R 3 ^ 

N^^-js! Pd(OAc) 2 n^^N^N 



i r /V-a : — i r >-a * 

-H^ N -N 1,3-bis(diphenylphos'phino)- MeCX^^Nk,/ 

. propane, TEA * IT 
- O 
(V) (|). 

NR 2 R 3 



LiOH ' NR 2 R 3 



N ^k^N HATU, DIE A ^ u 



HO. 

d 



(i) 



o 



(I) 



As can be appreciated by the skilled artisan, the above synthetic schemes are 
exemplary and not intended to comprise a comprehensive list of all means by which the 
5 compounds described and claimed in this application may be, synthesized. For 

example, the reaction steps shown in the schemes above can be conducted in a different 
order. Further methods will be evident to those of ordinary skill in the art. 

Uses for the A?* Adenosine Antagonist Compounds 

1 0 Compounds of the invention are usefiil in the prevention and/or treatment of 

various neurological diseases and disorders whose causes or symptoms are associated 
* * * .* ' * * " 

with the A 2a adenosine receptor signaling pathways. Such diseases and disorders 

include neurodegenerative diseases such as Parkinson's disease and Parkinson' s-like 

syndromes such as progressive supranuclear palsy and multiple system atrophy, 

1 5 Huntington's disease, depression, anxiety, and cerebrovascular disorders such as 

migraine. In addition, compositions of the invention are useful for neuroprotection, i.e., 

to prevent or inhibit neuronal death or degeneration associated with conditions such as 

senile dementia (e.g., Alzheimer's disease), stroke (cerebral ischemia), and brain 

trauma. 

20 

Administration of Compounds of the Invention 

Compounds of the invention can be administered to an animal, preferably a 
mammal, e.g., a human, non-human primate, dog, pig, sheep, goat, cat, mouse, rat, 
guinea pig, rabbit, hamster, or marmoset. The compounds can be administered in any 
25 manner suitable for the administration of pharmaceutical compounds, including, but not 
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limited to, pills, tablets, capsules, aerosols, suppositories, liquid formulations for 
ingestion or injection or for use as eye or ear drops, dietary supplements, and topical 
preparations. The compounds can be administered orally, intranasally, transdermally, 
intradennally, vaginally, intraaurally, intraocularly, buccally, rectally, transmucosally, 
5 or via inhalation, implantation (e.g., surgically), or intravenous administration. 

Optionally, the compounds can be administered in conjunction with a non- 
adenosine modifying pharmaceutical composition (e.g., in combination with a non- 
adenosine modifying diuretic as described, for example, in co-pending application 
PCTYUS99/08879 filed April 23, 1999). 

10 

Pharmaceutical Compositions 

Compounds of the invention can be formulated into pharmaceutical 
compositions for administration to animals, including humans. These pharmaceutical 
compositions preferably include a phannaceutically acc^)table carrier and an amount 

1 5 of A2a adenosine receptor antagonist effective to improve neurological functions such 
as motor functions and cognitive functions. 

Phannaceutically acceptable carriers useful in these pharmaceutical - 
compositions include, e.g., ion exchangers, dumina, aluminum stearate, lecithin, serum 
proteins, such as human serum albumin, buffer substances such as phosphates, glycine, 

20 sorbic acid, potassium sorbate, partial glyceride mixtures of saturated vegetable fatty 
acids, water, salts or electrolytes, such as protamine sulfate, disodium hydrogen 
phosphate, potassium hydrogen phosphate, sodium chloride, zinc salts, colloidal silica, 
magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based substances, polyethylene 
glycol, sodium carboxymethylcellulose, polyacrylates, waxes, polyethylene- 

25 polyoxypropylene-block polymers, polyethylene glycol and wool fat. 

The compositions of the present invention can be administered parenterally, 
orally, by inhalation spray, topically, rectally, nasally, buccally, vaginally or via an 
implanted reservoir. The term "parenteral" as used herein includes subcutaneous, 
intravenous, intramuscular, intra-articular, intra-synovial, intrasternal, intrathecal, 

30 intrahepatic, intralesional and intracranial injection or infusion techniques. Preferably, 
the compositions are administered orally, intraperitoneally or intravenously. 

Sterile injectable forms of the compositions of this invention can be aqueous or 
oleaginous suspension. These suspensions may be formulated according to techniques 
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known in the art using suitable dispersing or wetting agents and suspending agents. 
The sterile injectable preparation can also bq a sterile injectable solution or suspension 
in si non-toxic parenterally-acceptable diluent or solvent, for example as a solution in 
1,3-bu^anediol. Among the acceptable vehicles and solvents that can be employed are 
water, Ringer's solution and isotonic sodium chloride solution. In addition, sterile, 
fixed oils are conventionally employed as a solvent or suspending medium. For this 
purpose, any bland fixed oil can be employed including synthetic mono- or di- 
glycerides. Fatty acids, such as oleic acid and its glyceride derivatives are useful in the 
preparation of injectables, as are natural pharmaceutically-acceptable oils, such as olive 
oil or castor oil, especially in their polyoxyethylated versions. These oil solutions or 
suspensions also can contain a long-chain alcohol diluent or dispersant, such as 
carboxymethyl cellulose or similar dispersing agents which are commonly used in the 
formulation of pharmaceutical^ acceptable dosage forms including emulsions and 
suspensions. Other commonly used surfactants, such as Tweens, Spans and other 
emulsifying agents or bioavailability enhancers which are commonly used in the 
manufacture of pharmaceutically acceptable solid, liquid, or other dosage forms also 
can be used for the purposes of formulation. 

Parenteral formulations can be a single bolus dose, an infusion or a loading 
bolus dose followed with a maintenance dose. These compositions can be administered 
once a day or on an "as needed! 1 basis. 

The pharmaceutical compositions of this invention be administered orally in any 
orally acceptable dosage form including, capsules, tablets, aqueous suspensions or 
solutions. In the case of tablets for oral use, carriers commonly used include lactose 
and com starch. Lubricating agents, such as magnesium stearate, are also typically 
added. For oral administration in a capsule form, useful diluents include lactose and 
dried cornstarch. When aqueous suspensions are required for oral use, the active 
ingredient is combined with emulsifying and suspending agents. If desired, certain 
sweetening, flavoring or coloring agents can also be added. 

Alternatively, the pharmaceutical compositions of this invention may be 
administered in the form of suppositories for rectal administration. These can be 
prepared by mixing the agent with a suitable non-irritating excipient which is solid at 
room temperature but liquid at rectal temperature and therefore will melt in the rectum 
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to release the drag. Such materials include cocoa butter, beeswax and polyethylene 
glycols. " v " 

The pharmaceutical compositions of this invention may also be administered 
"topically. 'Topical application can fee effected in a rectal suppository formulation (see 
5 above) or in a suitable enema formulation. Topically-transdermal patches may also be 
used. 

For topical applications, the pharmaceutical compositions can be formulated in 
a suitable ointment containing the active component suspended or dissolved in one or 
more carriers. Carriers for topical administration of the compounds of this invention 
1 0 include, mineral oil, liquid petrolatum, white petrolatum, propylene glycol, 
polyoxyethylene, polyoxypropylene compound, emulsifying wax and water. 
Alternatively, the pharmaceutical compositions can be formulated in a suitable lotion or 
cream containing the active components suspended or dissolved in one or more 
pharmaceutically acceptable barriers. Suitable carriers include, but are riot limited to, 
15 mineral oil, sorbitan monostearate, polysorbate f>0, cetyl esters wax, cetearyl alcohol, 2- * 
octyldodecanol, benzyl alcohol and water. 

For ophthalmic use, the pharmaceutical compositions may be formulated as 
tnicrcxnized suspensions in isotonic, pH adjusted sterile saline, or, preferably, as 
solutions in isotonic, pH adjusted sterile saline, either with or without a preservative 
20 such as benzylalkonium chloride. Alternatively, for ophthalmic uses, the 

pharmaceutical compositions rtiay be formulated in an ointment such as petrolatum. 

The pharmaceutical compositions of this invention also can be administered by 
nasal aerosol or inhalation. Such compositions can be prepared according to techniques 
known in the art of pharmaceutical formulation, and can be prepared as solutions in 
25 saline, employing benzyl alcohol or other suitable preservatives, absorption promoters 
to enhance bioavailability, fluorocarbons, and/or other conventional solubilizing or 
dispersing agents. 

The amount of A2 a adenosine receptor antagonist that may be combined with 
the carrier materials to produce a single dosage form will vary depending upon the host 
30 treated and the particular mode of administration. The compositions can be formulated 
so that a dosage of between 0.01 - 100 mg/kg body weight of the A 2a adenosine 
receptor antagonist is administered to a patient receiving these compositions. In some 
embodiments of the invention, the dosage is 0.1 - 10 mg/kg body weight. The 



WO 2004/092177 



PCT/US2004/011006 



-26- 

composition maybe administered as a single dose, multiple doses or over an 
established period of time in an infusion. 

A specific dosage and treatment regimen for any particular patient will depend 
upon a variety of factors, including the particular adenosihe,receptor antagonist, 
the patient's age, body weight, general health, sex, and diet, and the time of 
administration, rate of excretion, drug combination, and the severity of the particular 
disease being treated. Judgment of such factors by medical caregivers is within 
ordinary skill in the art. The amount of antagonist will also depend on the individual 
patient to be treated, the route of administration, the type of formulation, the 
characteristics of the compound used, the severity of the disease, and the desired effect. 
The amounts of antagonist can be determined by pharmacological and pharmacokinetic 
principles well-known in the art. -i 

The invention will be further described in the following examples, which do not 
limit.the scope of the invention described in. the. claims. ^ 

In the following examples, unless indicated otherwise, all commercial reagents 
were obtained from Sigma-Aldrich (St. Louis, MO), Lancastq^Windham 
NH), Acros (Pittsburgh, PA), Alfa (Berkshire, UK), TCI (Portland^ OR), or Maybridge 
(Cornwall, UK). "" - 

Example 1A 

6-Bromo-2-fiu-an-2-yl-[l,2,4]triazolo[l,5-a]pyrazta-8-ylaniine 

Synthesis of the title compound is described in parts (a)-(c) below. 

(a) N-(3,5-Dibromo-pvrazm-2-yl)-furan-2-carboxamidine 

A solution of 3,5-dibromo-pvrazm-2-ylamine (608 mg, 2.4 mmol), furan-2- 
carbonitrile (297 uL, 3.39 mmol) and A1C1 3 (320 mg, 2.4 mmol) in dichloroethane (6 
ml) was heated at 1 15 °C overnight. The reaction was cooled to room temperature and 
water (5 ml) was added. After 30 minutes, the resulting precipitate was collected and 
purified by column chromatography (Si0 2 , THF) to afford 595 mg (72%) of N-(3,5- 
dibromo-pyra2in-2-yl)-fm-an-2-carboxamidine as a yellow solid. *H NMR (300 MHz, 
DMSO-d 6 ) 5 6.73 (dd, J= 3.4, 1.8 Hz, 1H), 7.3 (dd, J= 3.1 Hz, 1H), 7.98 (s, 1H), 
8.49(s, 1H), 8.69 (br. s, 1H). 

(b) 6,8-Dibromo-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazine 
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A mixture of N-(3,5-dibromo-pyrazin-2-yl)-furan-2-carboxamidine (47 g, 0.14 
mol), lead tetraacetate (95% purity, 160 g, 0.34 mol), and toluene (940 ml) was 
refluxed for 2 hours. The reaction was allowed to cool to room temperature and 
" concentrated in vacuo. The resulting residue was purified by flash column 
5 chromatography on silica (hexanes : EtOAc (5:1 to 3:1)) as eluent to afford 6,8- 

dibromo-2-furan-2-yl-[l,2 3 4]triazolo[l ? 5-a]pyrazine as a yellow solid (19.2 g, 40% 
yield). l H NMR (300 MHz, CDC1 3 ) 6 6.60 (dd, 1H), 7.33 (d, 1H), 7.62 (d, 1H), 8.63 (s, 
1H). 

(c) 6-Bromo-2-furan-2-yl-[l,2,4]triazolo[l ? 5-a]pyrazin-8-ylamine 

1 0 Anhydrous ammonia was bubbled over a one-hour period into a solution of 6,8- 

dibromo-2-ftu:an-2-yl-[l,2,4]txiazolo[l,5-a]pyrazine (18.4 g, 0.054 mol) in dioxane 
(400 ml). The resulting mixture was stirred at room temperature for 2 days during 
which time the solution was twice recharged with ammonia by bubbling in for one 
hour * After concentration, diethyl ether (200 ml) was added and the resulted yellow 

1 5 slurry was stirred at room temperature for overnight. 6-Bromo-2-furan-2-yl- 

[l,2,4]triazolp[l,5-a]pyrazin-8-ylamine was then collected and dried (15 g, 99% yield). 
*H NMR (300 MHz, CDC1 3 ) 8 6.70 (dd, 111X 7.10 (d, 1H), 7.8-8.0 (br m, 3H), 8.58 (s, 
1H). MS:m/z:280[M + H] + . 

/ ; - " 

20 Example IB 

6-Bromo-2-tWophen-2-yl-[l 9 2 ? 4]triazolo[l,5-a]pyrazin-8-ylamine 

Synthesis of the title compound is described in parts (a)-(c) below. 

(a) N-(3,5-Dibromo-pyr azin-2-yl)-thiophene-2-carboxamidine 

A stirred solution of 3,5-dibromo-pyrazin-2-ylamine (500 mg, 1 .98 mmol), 
25 thiophene-2-carbonitrile (260 uL, 2.04 mmol) and AICI3 (232 mg, 1.74 mmol) in 

dichloroethane (5 ml) was heated at 1 1 5 °C overnight. The mixture was allowed to 
cool to room temperature and diluted with water (5 mL). After 30 minutes, the 
resulting precipitate was collected and purified by column chromatography (SiC>2, 
THF) to afford 488 mg (68%) of N-(3,5-dibromo-pyrazin-2-yl)-thiophene-2- 
30 carboxamidine as a yellow solid. *H NMR (300 MHz, DMSO-d 6 ) 8 7.22 (t, J = 3.9 Hz, 
1H), 7.83 (dd, J = 4.8 Hz, 1H), 7.99 (d, J = 4.1 Hz, 1H), 8.49 (s, 1H), 8.88 (br. s, 1H). 

(b) 6 ? 8-Dibromo-2-thiophen-2-yl-[l ? 2;,4]triazolo[l ? 5-a]pyrazine 
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6,8-Pibromo-2-thipphen-2-yl-[l,2,4]triazolo[l,5-a]pyrazine was prepared in an 
analogous manner as described in subpart (b) of Example 1 A (45% yield). *H NMR 
(300 MHz, CDC1 3 ) 8 7.17 (d, 1H), 7.50 (d, 1H), 8.00 (dd, 1H), 8.60 (s, 1H). 
(c)6-Bromo-2-tMophen-2-yl-[l^ s 4]fai^^ 

6-Bromo-2-tmophen-2-yl-[l,2,4]triazolo[l,5-aipyrazm-8-ylamine was prepared 
in an analogous manner as described in subpart (c) of Example 1A (88% yield). *H 
NMR (300 MHz, CDCI3) 5 7.18 (s, 2H), 7.30 (d, 1H), 7.84 (d, 1H), 7.96 (d, 1H), 8.50 
(s, 1H). MS: m/z: 296 [M + H] + . 

Example 1C 

6-Bromo-2-(3-fluoro-phenyl)-[l,2,4]triazolo[l,5-a]pyrazm-8 T ylamine 

Synthesis of the title compound is described in parts (a)-(c) below. 
(?) N-(3,5-Dibrom<Hpyrazin-2-yl>3-fluor*o^benzamidine 

N^3,5,;0Dibromo-p5fl-azm-2-yl)-3^ was prepared in analogous 

manner as described in subpart (a) of Example 1A, except that 3-fluoro-benzaldehyde 
was used instead of furan-2-carbonitrile. N-(3,5-Dibromo-pyrazin-2-yl)-3-fluoro- 
benzamidine was obtained an an off-white soUd (3.9 g, 89%). *H NMR (300 MHz, 
DMSO-d 6 ): '5*6,20 (brs, 1H), 7?20 (br, lH^ partially obscured), 7.45 (dd, 1H), 7.8 (brm, 
2H), 8.23 (s,lH), 9.8 (brs, 1H),. 

(b) 6,8-Dibromo-2-(3-fluoro-phenyI)-[l,2,4Jtriazolo[l,5-a]pyrazine 

6,8-Dibromo-2-(3-fluoro-phenyl)-[l,2,4]triazolo[l,5-a]pyrazine was prepared in 
analogous manner as described in subpart (b) of Example 1 A (46% yield). J H NMR 
(300 MHz, CDCI3) 8 7.17 (brs, 1H, partially obscured), 7.47 (dd, 1H), 8.00 (d, 1H), 
8.60 (s, 1H), 8.12 (1H, d), 8.65 (s, 1H). 

(c) 6-Bromo-2-(3-fluoro-phenyl)-[l^,4]triazolo[l,5-a]pyrazm-8-ylaniine 

6-Bromo-2-(3-fluoro-phenyl)-[l ,2,4]triazolo[l ,5-a]pyrazin-8-ylamine was 
prepared in analogous maimer as described in subpart (c) of Example 1 A (74% yield). 
l H NMR (300 MHz, CDC1 3 ) 8 6.97 (s, 2H), 7.24 (m, 1H), 7.46 (dd, 1H), 7.70 (d, 1H), 
7.85 (s, 1H), 8.34 (s, 1H). MS: m/z: 308 [M + H] + . 

Example 2 

6-Bromo-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazm-8-ylamine 

Synthesis of the title compound is described in parts (a)-(c) below. 
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(a) l-Amino-3,5-dibromo-pyrazin-l-ium 2,4,6-Trimethyl-benzenesulfonate 

Trifluoroacetic acid ([35 mL) was taken in a lOOmL RB flask with a magnetic 
stirrer. The t-butyl, O-mesitylene carbamate was added in small portions oyer 10 "to 15 
minutes. The resulting pale yellow solution was stirred for about half an hour, then 
slowly poured into approx. 100 g. of crushed ice with stirring when the O-mesitylene 
hydroxylamine precipitated out as a white solid. After about an hour, when all the ice 
melted, the white ppt. was filtered and washed thoroughly with water (5x25 mL). The 
solid was dissolved in 45 mL of CH2CI2 and the residual water was removed (by pipette 
or seperatory funnel). The solution was dried over Na2SC>4, filtered, and added slowly 
to a stirred solution of 2-amino, 3,5-dibromo pyrazine (7.1 g, Aldrich-Sigma, St, Louis, 
MO) in CH2CI2 (35 mL). Within few minutes, off-white precipitate of the pyrazinum 
salt started separating out. The reaction was stirred for 20 hours and then cooled in 
ice/water bath (5-10°C). The off-white precipitate was then filtered and washed with 
cold CH2CI2 (3x8 mL) and dried in air to give 9.5 g. (73%) of relatively pure prodtict 
which was Analyzed by HPLC, MS, LC/MS and H 1 NMR. 

(b) 2-Furan-2-yl-5-[4-(5-methyl-isoxazol-3-yImethyl)-piperazin-l^ 

[l,2 5 4]triazolo[l ? 5-a][l 5 3 5 5]triazin-7-ylamine 

The l,2-dian^o-3,5-dibromopyrazini\jm salt described above (9.4 gm, 20 

..... **'*/ • - , * <. . . 

mmol) was dissolved in 1 50 mL of methanol in a 500 mL round bottom flask under 

nitrogen. 2-Furaldehyde (10 gm, 5 equiv.) was added to this solution. The reaSaon 

solution was stirred in a warm water bath (35-40°C) for 24 hours. The methanol 

solvent was removed under reduced pressure and the brown residue (gummy mass) was 

triturated with 50 mL of ether. After settling the top ether layer was decanted off and 

the bottom gummy mass was triturated two more times with 25-30 mL of ether. The 

gummy residue was dissolved in 125-150 mL of warm dioxane and filtered. 2-Furan-2- 

yl-5- [4-(5-methyl-isoxazol-3-ylmethyl)-piperazin- 1 -yl]-[ 1 ,2,4]triazolo[ 1 ,5- 

a][l,3,5]triazin-7-ylamine (dissolved in dioxane) was used in the next step without 

further manipulation. 

(c) 6-Bromo-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-8-ylamirie 

The dioxane solution containing 2-furan-2-yl-5-[4-(5-methyl-isoxazol-3- 
ylmethyl)-piperazm-l-yl]-[l,2^ was cooled to 

about 10°C (in an ice-bath) and anhydrous ammonia was bubbled through it for 
approximately 30 minutes. The reaction mixture was stirred at room temperature for 



WO 2004/092177 . PCT/US2004/0 11006 

-30- 

ovemight. The solvent wgs then removed under reduced pressure and the crude brown 
residue was triturated/extracted with EtOAc (3x50 mL). The extract was filtered and 
the solvent was* removed to yield 10 g of crude brown product as a gummy syrup. Hie 
cijrde product was purified by flash chromatography using hexane/EtOAc (90/10; - 
5 80/20; 70/30) to yield 2.1 gm (38 %) of 6-bromo-2-furan-2-yl-[l,2,4]triazolo[l,5- 
a]pyrazin-8-ylamine as a light brown solid. l H NMR (300 MHz, CDC1 3 ) 5 6.70 (dd, 
1H), 7.10 (d, 1H), 7.8-8.0 (br m, 3H), 8.58 (s, 1H). MS: m/z: 280 [M + H] + . 

Example 3 

10 2-Furan-2-yl-6-(5-phenyl-pent-l-ynyl>Il^,4]triazolo[l,5-a]pyrazm-8-ylamine 

A solution of 6-bromo-2-furan-2-yl-[l 5 2,4]triazolo[l,5-a]pyrazin-8-ylamine (56 
mg, 0.2 mmol; see Examples 1 and 2 above), pent-4-ynyl-benzene (44 mg, 0.3 mmol), 
Pd(PPh 3 ) 4 (26 mg, 0.03 mmol), Cul (4 njg, 0.03 mmol), PPh 3 (8 mg, 0.03 mmol), and . ^ 
TEA (1 1 uL, 2.5 mmol) in DMF (5 mL) was heated (at around 105 °C) under N 2 for 2 

1 5 hours. The reaction was diluted with EtOAc (1 5 mL) and washed with brine (3x10 
mL) and dried with MgSC>4. The solvent was removed and the reaction purified by 
HPLC (C18, H 2 Q:MeCN gradient) to afford the product as a brown solid (28 mg,). *H 
>yiMR (400 MHz, DMSO-de) 5 1.85 (quin, J= 7.5 Hz, 2H), 2.44 (t, J= 7.1 Hz, 2H), 
2.74 (t, /= 7.8 Hz, 2H), 6.72' (dd, J= 3.4, 1 .8 Hz, 1H), 7.14 (dd,>= 3.5, 0.8 Hz, 1H), 

20 7.2-7.30 (br m, 5H), 7.92 (dd, J= 1 .7, 0.8 Hz, 1H), 8.35 (s, 1H). MS: m/z 344 [M + 
H] + . • 

Example 4 

2-Furan-2-yl-6-(4-Mfluoromethyl-phenyl)-[l,2,4]Mazolo[l,5-aJpyrazm-8-yIamine 

25 A mixture of 6-bromo-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-8-ylamine (50 

mg, 0. 1 79; see Examples 1 and 2), 4-trifluoromethyl-phenyl boronic afcid (0. 1 96 
mmol), Pd(dppf)Cl 2 (7 mg, .009 mmol), and aqueous Na 2 C0 3 (2 M, 330 uL) in DMF 
(2 mL) was degassed under N 2 and then heated (at around 100 °C) for overnight. The 
reaction was filtered and then purified by HPLC (CI 8, H 2 0:MeCN gradient). ! H NMR 

30 (300 MHz, DMSO-d 6 ) 5 6.77 (dd, J = 3.4, 1.8 Hz, 1H), 7.19 (dd, J = 3.4, 0.8 Hz, 1H), 
7.70 (br. s, 2H), 7.87 (d, J = 8.2 Hz, 2H), 7.93 (dd, J= 1.8, 0.7 Hz, 1H), 8.31 (d, J = 
8.2 Hz, 2H), 8.8 (s, 1H). MS: m/z 346 [M + H] + . 
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Example 5 

3-(8-Ammo-2-f^n-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-6-yl)-benzoicacid 

A mixture containing 3-(8-amino-'2-furan-2-yl-[l,2,4]Mazolo[l,5-a]pyrazin-6- 
yl)-benzoic acid ethyl ester (100 mg; see Ex. 141 below, which was prepared according 
to Example 4 above), LiOH (2 M, 1 mL), and MeOH (a few drops) in THF (10 mL) 
was heated (at around 70 °C) for 1 hour. The solvent was removed in vacuo, and the 
residue was taken up in water and acidified, resulting in a precipitate, which was 
filtered off as the desired product with an appearance of a light brown solid (60 mg, 65 
%). ! H NMR (300 MHz, DMSO-de) 8 6.76 (dd, J = 3.4, 1 .8 Hz, 1H), 7.18 (ddJ = 3.4, 
0.8, 1H), 7.63 (t,J— 7.9 Hz, 1H), 7.68 (br. s, 2H), 7.96 (dd, J = 1 .8, 0.8 Hz, 1 H), 8.00 
(dt,y= 7.8, 1.8 Hz, 1 H), 8.30 (dt, J = 7.8, 1.8 Hz, 1H), 8.72 (t, J = 1.8, 1H), 8.91 (s, 1 
H), 13.09 (br. s, 1 H). MS: m/z 322 [M + H] + . 

% 

Example 6 

J3-(8-An^o-2-furan-2-yl-[l^ 
yl-methanone 

A solution of 3-(8-amino-2-furan-2-yl-[l ,2,4]triazolot'l ,5-a]pyrazin-6-yl)- . 
benzoic acid (20 mg, 0.063 mmol; see Example 5 above), HATU (30 mg, 0.095 mmor), 
piperdine (0. 1 25 mmol), and diisoprbpylethlylamine (1.1 uL, 0.063 mmol) in DMF (200 
uL) was stirred at room temperature for 30 minutes. The solvent was removed, and the 
residue was purified by HPLC (CI 8, H 2 0:MeCN gradient) to afford the product as a 
white solid (15 mg, 62 %). *H NMR (300 MHz, DMSO-de) 8 1.56 (br. s, 6 H), 3.35 
(br. s, 2 H), 3.65 (br. s, 2 H), 6.76 (dd, J = 3.4, 1.7 Hz, 1 H), 7.18 (dd, J = 3.4, 0.8 Hz, 
1 H), 7.4 (br. dt, J = 7.6, 1 .4 Hz, 1 H), 7.56 (t, J = 7.6 Hz, 1H), 7.63 (br. s, 2 H), 7.96 
(dd, J = 1.7, 0.8 Hz, 1 H), 8.1 1 (br. s, 1 H), 8.14 (dt, J = 7.5, 1.5 Hz, 1H), 8.9 (s, 1H). 
MS: m/z 389 [M + 1]. 

Example 7 

8-Amino-2-furan-2-yl-[l,2,4]triazolo[l 5 5-a]pyrazine-6-carboxylic acid methyl ester 

A solution containing 6-bromo-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-8- 
ylamine (2 g, 7.1 mmol; see Examples 1 and 2 above), Pd(OAc) 2 (639 mg, 2.8 mmol), 
l,3-bis(diphenylphosphino)propane (1.28g, 3.1 mmol), TEA (1.8mL, 1.3 mmol), and 
MeOH (51 mL) in DMSO (148 mL) was degassed under a carbon monoxide 
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atmosphere. The reaction was heated (80 °C) overnight under caibon monoxide 
(balloon). The solvent was removed in vacuo. The residue was purified by HPLC 
(CI 8, H 2 0:MeCN gradient) to afford the titled compound as a light yellow solid (967 
mg, 52%). *H NMR (300 Mflz, DMSO-d 6 ) 8 3.86 (s, 3H), 6.73 (dd, J = 3.4, 1 .8 Hz, 
5 1H), 7.19 (dd, J = 3.4, 0.8 Hz, 1H), 7.80 (br. s, 2H), 7.95(dd, 7= 1.8, 0.8 Hz, 1H), 8.71 
(s, 1H). MS: m/z 260 [M + H] + . 

Example 8 

8-Amino-2-furan-2-yl-[l 9 2,4]triazolo[l,5-a]pyrazine-6-carboxylic acid 

10 A mixture of 8-amino-2-furan-2-yl-[l ,2,4]triazolo[l ,5-a]pyrazine-6-carboxylic 

acid methyl ester (200 mg; see Example 7 above), LiOH (2 M, 1 mL), and MeOH (a 
few drops) in THF (20 mL) was heated (at around 70 °C) for 30 minutes. The solvent 
was removed in vacuo and then the residue was triturated with 0.5 N HC1. The product 
was dried to afford 8~amino-2-furan-2-yH^ 

1 5 acid as a light yellow solid (128 mg, 67 %). n H NMR (300 MHz, DMSO-dg) 5 6.73(dd, 
J= 3.5, 1.8 Hz, 1H), 7.18(dd, J= 3.5, 0.9 Hz, 1H), 7.7(br. s, 2H), 7.94(dd, J= 1.8, 0.8 
9 *Hz,lH), 8.68(s, 1H). MS: m/z*246 [M + H] + . 

• v -..*•. 

Example 9 

20 (8-Ammb-2-furan-2-yl-[l,2,4]triaz6lo[l,5-a]pyrazm-6-yl)-carbaim^ acid tert-butyl 
ester 

A mixture contairiing 8-aimno-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazine-6- 
carboxylic acid (100 mg, 0.41 mmol; see Example 8 above), TEA (209 \xL, 1.5 mmol), 
*-BuOH (1.5 mL) and diphenylphosphoryl azide (339 pi, 1.6 mmol) in DMF (1.5 ml) 
25 was heated (at around 80 °C) overnight. The solvent was removed in vacuo and the 
residue was purified by HPLC (CI 8, H 2 0:MeCN gradient) to afford the product as a 
yellow solid (20 mg, 16 %). *H NMR (300 MHz, CDC1 3 ) 5 1.56 (s, 9H), 5.92 (br. s, 
2H) S 6.58 (dd, J = 3.4, 1 .8 Hz, 1H), 7.15 (dd, J = 3.4, 0.8 Hz, 1H), 7.62 (dd J=l .8, 0.8 
Hz, 1 H), 8.61 (br. s, 1H). MS: m/z 317 [M + H] + . 

30 

Example 10 

(8-Diacetylanimo-2-furan-2-yI-[l^,4]triazolo[l,5-a]pyrazm-6-yl)-carbamicacid 
tert-butyl ester 
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A mixture of (8-amino-2-furan-2-yl-[l ,2,4]triazolo[l ,5-a]pyrazin-6-yl)- - 
carbamic acid tert-butyl ester (9 mg; see Example 9 above) and AcaO (125 pL) in 
pyridine (250 pL) was heated (70 °C) overnight. The solvent was removed and the 
reaction was purified by HPLC (CI 8, H 2 0:MeCN gradient). MS: m/z 401 [M + H] + . 

Example 11 

8-Amino-2-furan-2-yl-[l,2 5 4]triazolo[l,5-a]pyrazine-6-carboxylic acid 
diethylamide 

A solution of S-amino^-furan^-yl-tl^^triazolotl^-ajpyrazine-e-carboxyUc 
acid (20 mg, 0.082 mmol; see Example 8 above), diisopropylethylamine (14 pL, 0.082 
mmol), HATU (47 mg, 0.123 mmol), and diemylamine (0.163 nunol) in DMF (300 pL) 
was stirred at room temperature for 1 hour. The solvent was removed in vacuo. The 
residue was purified by HPLC (C18, H 2 0:MeCN gradient). • l H NMR (300 MHz, 
DMSO-d $ ) 8 1.17 (t, J= 6.9 Hz, 6IJ), 3.41 (m, 4H), 6.76 (dd, J= 3.4, 1.7 Hz, 1H), 7.18 
(dd, J= 3.4, 0.7 Hz, 1H), 7.69 (bf. s, 2H), 7.96 (dd, J = 1 .7, 0.7 Hz), 8.34 (s, 1H). MS: 

m/z 301 (M+ 1). 

■ - ... * * • 

Example 12 

4-[3-(8-Am^c>-2-furan-2-yL^^ 
piperazine-l-carboxylic acid tert-butyl ester 

Synthesis of the title compound is described in parts (a) and (b) below. 

a) 4-Prop-2-ynyl-piperazine-l-carboxylic acid tert-butyl ester 

To a vigorously stirred suspension of piperazine-l-carboxylic acid tert-butyl 
ester (4.2 g, 22.5 mmol) and K 2 C0 3 (1.2 eq, 27 mmol, 3.7 g) was added propargyl 
bromide (80 wt % in toluene, 1.2 eq, 27. mmol) dropwise via syringe over 20 minutes. 
The mixture was stirred at room temperature overnight (about 20 hours), concentrated 
in vacuo and partitioned between water and EtOAc. The organic phase was washed 
twice with water, dried over MgS0 4 , filtered and evaporated to afford a clear yellow oil 
that partially solidified upon prolonged standing and was used directly without further 
purification. ! H NMR (400 MHz, CDC1 3 ) d 1.47 (s, 9H), 2.28 (t, 1H), 2.54 (m, 4H), 
3.34 (d, 2H, J = 2.4 Hz), 3.49 (m, 4H). MS: m/z 225 (M + 1). 

b) 4-[3-(8-Anuno-2-furan-2-yl-[l£,4]M^ 
piperazine-l-carboxylic acid tert-butyl ester 
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4-[3-(8-Amino-2-furan-2-yl-[l,2/^ 
piperazine-l-carboxylic acid tert-butyl ester was prepared in an analogous manner as 
described in Example 3. *H NMR (400 MHz, CDC1 3 ) d 1.47 (s, 9H), 2.54 (m, 4H), 
3.28 (m, 4H), 3.59 (m, 2H), 6.73 (dd, 1H), 7.25 (ddflH), 7.62 (brs, 2H), 7.94 (m, lH), 
5 8.43 (s| 1H). MS: m/z 424 (M + 1). 

Example 13 

4-[3-(&-Aimno-2-furan-2-yl^^^ 
1-carboxylic acid tert-butyl ester 

10 To a stirred solution of 4-[3-(8-amino-2-furan-2-yl-[l,2,4]triazolo[l,5- 

a]pyrazin-6-yl)-prop-2-ynyl]-piperazine-l-carboxylic acid tert-butyl ester (20mg; see 
Example 12 above) in EtOH (1 mL) was added palladium (10 wt.% on activated 
carbon, ca. 5 mg). The reaction mixture waff hydrogenated (45 psi) overnight, filtered 
ilhrough Celite and concentrated in vacuo. The resulting oil was purified by radial 

15 chromatography using 5% MeOH/CH2C12 as eluent to afford the title compound. A H 
NMR (400 Mftz, CDCl 3 ) 8 1.45 & 9H), 1.94 (m, 2H), 2.44 (in, 4H), 2.65 (t, 2H), 3.45 
(m, 4H), 5.67 (s, 2H), 6.57 (d^lH), 7.13 (dd, 1H), 7.60 (s, 1H), 7-76 (s, 1H). 

Example 14 
20 2-Furan-2-yl-6Tmethanesulfb^ 

Synthesis of the title compound is described in parts (a) - (d) below. 

(a) 2-(8-Amino-2-furan-2-yl-[^ 

t A solution of 64)romo-2-furan-2-yl-[l,2,4]tri 
(100 mg, 0.357 mmol; see Examples 1 and 2 above) and H2SO4 cone. (10 drops) in 
25 EtOH (4 mL) was refluxed for 2 hours. The solvent was removed in vacuo to yield the 
crude product 2-(8-amino-2-furan-2-yH^ 
which was used in the next step without purification. 

(b) 8-amino-2-furan-2-yl-[l 5 2,4]triazolo[l,5-a]pyrazine-6--thiol 

A solution containing the crude 2-(8-amino-2-furan-2-yl-[l,2,4]triazolo[l,5- 
30 a]pyrazin-6-yl)-isothiourea and aqueous KOH (1 M, 4 ml) was refluxed for 1 hour. 
The reaction was neutralized with cone. HC1 and the water was removed in vacuo to 
afford the crude product 8-amino-2-furan-2-yl-[l,2,4]triazoto^ 
which was used in the next step without purification. 
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(c) 2-Furan-2-yl-6-methylsulfany^ 

A mixture containing the crude 8-amino-2-furan-2-yl-[1^2 3 4]triazolo[l,5- 
a]pyrazine-6-thiol, K 2 C0 3 (199 mg), and Mel (162 \iL) in DMF (8 mL) was stirred at 
room temperature for 1 hour. The solvent was removed in vacuo and the residue was 
5 taken up in EtOAc and passed through a plug of silica. The solvent was removed in 
vacuo and the residue was triturated with H 2 0 to afford 2-furan-2-yl-6-methylsulfanyl- 
[l 3 2,4]triazolo[l,5-a]pyrazin-8-ylamine as a brown solid (54 mg, 61 % from the 
bromide). 

(d) 2-Furan-2-yl-6-methanesutfonyl-^^ 

10 A solution of the 2-furan-2-yl-6-methylsu^ 

ylamine (20 mg, 0.081 mmol) and m-CPBA (45 mg, 0.26 mmol) in CH 2 C1 2 (1 mL) was 
stirred for 20 minutes at room temperature. The reaction was washed with aqueous 
Na 2 C0 3 (2 M), dried (with Na 2 S0 4 ) and evaporated to afford 2-furan-2-yl-6- 
methanesul£onyl-[l,2^ a light yellow solid (15 mg, 

15 66 %). r H NMR (300 MHz* DMSO-d 6 ) 8 6.6 (dd, J = 3,4, t .S Hz, 1H), 7.19 (dd, J = 
3:4, 0.8 Hz, 1H), 7.8 (s, 1H), 7.95 (br. s,2H), 8.5 (s, 1H). MS: m/z 280 fM + H] + . 

» . ' *^ ■ 

Example 15 

2-Furan-2 r yl-6-iodo-[l,2,4]triazolo[1^5-a]pyrazm-8-ylamine 

-20 A solution of 6-bromo-2-fiK'an-2-yi-[l,2,4]triazolo[l,5-a]pyrazin-8-ylamine 

(600 mg; see Examples 1 and 2 above) and 57 % HI (10 mL) in EtOH (50 mL) was 
refluxed for 1 hour. The solvent was removed in vacuo and the residue was triturated 
with H 2 0 to afford 2-furan-2-yl-6-iodo-[l,2,4]1riazolo[l,5-a]pyrazm-8-ylamine as a 
brown solid (642 mg, 92 %). *H NMR (300 MHz, DMSO-d 6 ) 5 6.8 (dd, J = 3.4, 1.8 

25 Hz, 1H), 7.2 (dd, J = 3.4, 0.8 Hz, 1H), 7.95 (s, 1H), 8.6 (s, 1H). MS: m/z 327 [M + 
H] + . 

Example 16 

2-Furan-2-yl-6-piperazm-l^ 

30 Synthesis of the title compound is described in parts (a) - (j) below, 

(a) Methyl 3-amino-6-bromo-2-pyrasine-carbozylate 

Methyl 3-amino-2-pyrazine-carboxylate (10 g, 65.3 mmol) was dissolved in 
glacial acetic acid (50 mL) by warming to approximately 45°C. To the warm solution 
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was added bromine (3.7 mL) in acetic acid (5 mL) dropwfse and the resulting mixture 
was stirred at room temperature for T 2*6 minutes. Th^ solution was diluted with water 
(300 mL) and then stirred at room temperature for 30 minutes, which resulted in a 
precipitate. The precipitate was then filtered, washed with water and dried to afford 
methyl 3-amin6-6-bromo-2-pyrazine-carboxylate as a yellow solid (14.2 g, 94 %). *H 
NMR (300 MHz, CDC1 3 ) £3.99 (s, 3 H), 8.30 (s, 1 H); 13 C NMR (100 MHz, CDC1 3 ) £ 
53.02, 123.49, 124.85, 150.24, 154.70, 166.04. 

(b) 3-Amino-6-bromo-pyrazine-2- car boxy lie acid methylamide 

Methyl 3-amino-6-bromo-2-pyrazine-carboxylate (14.3 g, 61.6 mmol; see 
Example 16 (a) above) was suspended in 40 % aqueous memylamine (350 mL) and the 
resulting mixture was stirred vigorously for 7 hours at room temperature. The 
precipitate was collected, washed with water, and dried to afford 3-amino-6-bromo- 
pyrazine-2- carboxylic acid methylamide as a yellow solid (12.7 g, 90 %). ! H NMR 
(300 MHz, DMSO-dg) £2.77 (d, J= 3 Hz, 3 H), 7.70 (br s, 2 H), 8.33 (s, 1 H), 8.56 (q, 
J= 3 Hz, 1 H); 13 C NMR (100 MHz, DMSO-de) £27.84, 123 -49, 12X69, 150.43, 
156.04, 167.18. - c " • 

(c) 6-Bromo-3-methyl-3H-pteridin-4-one 

gr To a mixture of triethyl orthoformate (70 mL) and acetic anhydride (70 mL) 
was added 3-amino-6-bromo-pyrazine-2-carboxylic acid methylamide (12.7 g, 55 
mmol; see Example 16 (b) above) with stirring. The resulting' solution was heated at 
reflux for 2 hours and allowed to cool to room temperature. The precipitate that formed 
was collected, washed with ethyl acetate, and dried to afford 6-bromo-3-methyl-3H- 
pteridin-4-one as a white solid (1 1.8 & 89 %). ! H NMR (300 MHz, DMSO-d 6 ) £3.54 
(s, 3 H), 8.70 (s, 1 H), 9.15 (s, 1 H); 13 C NMR (100 MHz, DMSO-de) £34.03, 133.28, 
137.82, 152.39, 152.70, 153.33, 159.19. 

(d) 4-(3-Methyl-4-oxo-3,4-dmydro-pteridin-6-yl)-piperazine-l-carboxyIic acid tert- 
butyl ester 

To a stirred solution of 1-Boc-piperazine (18.9 g, 101.4 mmol) in 2- 
methoxyethanol (100 mL) was added 6-bromo-3-methyl-3H-pteridin-4-one (1 1.6 g, 48 
mmol; see Example 16 (c) above) and the resulting suspension was heated for 3 hours 
at 100 °C. The reaction was then cooled in an ice-water bath and the precipitate that 
formed was collected, washed with cold MeOH, and dried to afford 4-(3-methyl-4-oxo- 
3,4-dmydro-pteridin-6-yl)-piperazine-l-carboxylic acid terr-butyl ester as a yellow 
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solid (15.2 g, 92 %). X H NMR (300 MHz, CDC1 3 ) £1.48 (s, 9 H), 3.57-3.61 (m, 4 H), 
3.62 (s, 3 H), 3.78-3.82 (m, 4 H), 8.07 (s, 1 H), 8.56 (s, 1 H); 13 C NMR (100 MHz, 
CDCI3) £28.38, 34.42, 44.40, 80.38, 130.64, 137.93, 145.53, 147.04, 152.91, 154.61, 
160.89. 

(e) 5'-Amino-2,3,5,6-tetrahydro-[l,2']bipyrazinyl-4,6'-dicarboxylic acid A-tert- 
butyl ester 

To a stirred suspension of 4-(3-methyl-4-oxo-3,4-dihydro-pteridin-6-yl)- 
piperazine-l-carboxylic acid /erf-butyl ester (428 mg, 1.24 mmol; see Example 16 (d) 
above) in methanol (5 mL) was added 10 % aqueous sodium hydroxide (5 mL). The 
reaction mixture was stirred overnight at room temperature and concentrated in vacuo. 
The residue was then diluted with water and neutralized with formic acid (pH 7). The 
resulting precipitate was removed by filtration and the filtrate was acidified with formic 
acid (pH 4) and extracted with methylene chloride. The combined organic phases were 
washed with brine, dried over .anhydrous magnesium sulfate, and concentrated in vacuo 
to afford 5'-animo-2,3,5,6-tetrahydro-[l,2']bipyrazmyl-4,6'-d^ acid 4-tert- 

ftityl ester as a yellow solid (265 mg, 67 %). *H NMR (300 MHz, CDC1 3 ) £1.49 (s, 9 
H), 3.38 (t,V= 5.4 Hz, 4 H), 3:60 (t, /= 5.4 Hz, 4 H), 6.06 (br s, 1 H), 8.15 (s, 1 H]u 
I3 CNMR(75 MHz, Cba 3 ) £28.39, 46,16, 80.29, 116.40, 138.73, 147.39, 149.67, 
154.59, 1.65.95. 

(f) 5'-Animo-2^,5,6-tetrahydro-Il,2nbipyrazinyl-4,6'-dicarboxyUc acid 4-tert- 
butyl ester 6'-methyl ester 

To a solution of 5'-ammo-2,3,5,6-tetrahydro-[l,2']bipyrazinyl-4,6'-dicarboxylic 
acid 4-terf-butyl ester (510 mg, 1.6 mmol; see Example 16 (e) above) in benzene (4 
mL) and methanol (4 mL) was added a solution of trimethylsilyldiazomethane (2 M in 
hexane, 2 mL). The reaction was stirred at room temperature for overnight. The 
solvent was then removed in vacuo and the residue was purified by flash 
chromatography using ethyl acetate / hexanes (40:60) as eluant to afford 5'-amino- 
2,3,5,6-tetrahydro-[l,2']bipyrazinyl-4,6'-dicarboxylic acid 4-ter*-butyl ester 6'-methyl 
ester as a yellow solid (520 mg, 96%). l H NMR (300 MHz, CDCI3) £ 1 .49 (s, 9 H), 
3.40 (s, 4 H), 3.59 (s, 4 H), 3.95 (s, 3 H), 8.01 (s, 1 H); 13 C NMR (100 MHz, CDC1 3 ) £ 
28.41, 46.30, 52.52, 80.05, 1 19.69, 135.58, 148.24, 150.00, 154.70, 167.10. 

(g) 6-(4-terNButoxycarbonyl-piperazin-l-yI)-2-furan-2-yl-[l,2,4]triazolo[l,5- 
a]pyrazine-8-carboxylic acid methyl ester 
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^-Butyl-N-mesitylenesulfonyloxy carbamate (26.46 g, 84 nunol) was added 
portionwise to trifluoroacetic acid (83 mL) and the resulting solution was stirred at 
room temperature for 1 hour. The reaction mixture was poured onto crushed ice (300 
* g) with stirring. The white solid that formed was collected and washed with water. 
5 While still wet the precipitate was dissolved in methylene chloride (1 00 mL) and 

transferred to a separatory funnel to assist removal of the residual water. The organic 
phase was dried over anhydrous magnesium sulfate, filtered, and then added slowly to a 
stirred solution of S'-amino^^^^-tetrahydro-tl^'lbipyrazinyl^e'-dicarboxylic acid 
4-tert-butyl ester 6'-methyl ester (5.66g, 16.8 mmol; see Example 16 (f) above) in 
10 methylene chloride (70 mL). After the resulting solution was stirred at room 

temperature overnight, the mixture was concentrated to give a red solid. The red solid 
was dissolved in 1,4-dioxane (140 mL) and 2-furaldehyde (1.53 mL, 18.5 mmol) was 
added to this solution. The reaction mixture was stirred at 100°C for 3 hours. After the 
solvent was removed, the residue was subjected to flash chromatography using ethyl 
15 acetate / hexanes (40:60,. 50:50) as eluant to afford 6-(4-^-butoxycarbonyl-piperazin- 
l-yl)-2-furan-2-yl-[ 1,2,4^ acid methyl ester as a 

yellow solid (658 mg, 9 %). *H NMR (300 MHz ft CDCl 3 ) .81.50 (s, 9 H), 3.49 (dd, J= 
4.8, 5.4 Hz, 4 H), 3.65 (dd,J= 4.8, 5.4 Hz, 4 H), 4.12 (s, 3 H), 6.59 (dd, J= 1.8, 3.3 . 
Hz, 1 H), 7,29 (d, J= 3.3 Hz, 1 H), 7.63 (d, J= 1.8 Hz, 1 H), 8.04 (s, 1 H); 13 C NMR 
20 (100 MHz, CDC1 3 ) £28.40, 46.05, 53.54, 80.30, 106.46, 112.01, 112.81, 136.63,; 
142.42, 144.73, 145.43, 148.48, 154.58, 157.98, 162.75. 
(h) 6-(4-terf-Butoxycarbonyl-piperazi^ 
a]pyrazine-8-carboxylic acid 

A solution of 6-(4-ter^-butoxycarbonyl-piperazin-l-yl)-2-furan-2-yl- 
25 [l,2,4]triazolo[l,5-a]pyrazine-8-carboxylic acid methyl ester (4 mg, 0.009 mmol; see 
Example 16 (g) above) in 1 N potassium hydroxide methanol solution (1 mL) was 
stirred at room temperature for 2 hours. The solvent was then removed, and the residue 
was suspended in water. The resulting suspension was acidified with acetic acid until 
pH 4 and extracted with methylene chloride three times. The combined organic phases 
30 were washed with brine, dried over anhydrous magnesium sulfate, and concentrated to 
afford 6-(4-^-butoxycarbonyl-piperazin- 1 -yl)-2-furan-2-yl-[ 1 ,2,4] triazolo[ 1 ,5- 
a]pyrazine-8-carboxylic acid as a yellow solid (2.6 mg, 68 %). *H NMR (300 MHz, 
CDCI3) £1.50 (s, 9 H), 3.53-3.58 (m, 4 H), 3.63-3.68 (m, 4 H), 6.63 (dd, J= 1.8, 3.3 
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Hz, 1 H), 7.35 (d,/ = 3.3 Hz, 1 H), 7.<67 (d, J= 1.8 Hz, 1 H), 8.08 (s,l H); V13 C NMR 

(100 MHz, CDCl y ) ^28.39,45,90, 8,0.49, 106.62, 112.27, 113,83, 134.92, 142.08, " 

144.56, 145.30, 149.18, 154.60, 157.09, 161..49. 

(i)4-(8-fe^-Buto^carbonylan^o-2-furan-2-yl-[l,2 ? 4]tri^ 
piperazine-l-carbosylic acid tert-butyl ester 

To a solution containing 6-(4-tert-butoxycarbonyl-piperazin-l-yl)-2-furan-2-yl- 
[l,2,4]triazolo[l,5-a]pyrazine-8-carboxylic acid (223 mg, 0.54 mmol; see Example 16 
(h) above) and triethylamine (188 uL)in *-butyl alcohol (1 1 mL) was added 
diphenylphosphoryl azide (140 uL). After the mixture was heated at reflux under 
nitrogen for 7 hours, the solvent was removed. The residue was dissolved in methylene 
chloride, washed with brine, dried over anhydrous magnesium sulfate, and 
concentrated. The resulting residue was subjected to flash chromatography (ethyl 
acetate /hexanes = 20:80, 30:70) to afford 4-(8-ter^butoxycarbonylammo-2-furan-2- " 
yl-[l,2,4]triazolo[l,5-a]pyrazm'-6-yl)-piperazme-i-carboxylic acid.tert-butyl ester (140 
mg, 54 %) and a smaller amount of 4-(8-anuno-2-furan-2-yl-[l,2,4]triazolo[l,5- 
a]pyrazin-6-yl)-piperazine-l-carboxylic add tert-butyl ester (29 mg, 15 %) as yellow 
solids. k . 

-4-(8-te^Butoxycarbonylammo-2-furan-2-yi-[l,2,4]ttazolo[l,5-a]pyrazm 
yl)-piperazine-l-cafboxyhc acid tert-butyl ester: 'HNMR (300 MHz, CDC1 3 ) Si. 41 (s, 
9 H), 1.46 (s,.9 H), 3.33 (t, J= 3 Hz. 4 H), 3.53 (t, J= 3 Hz, 4 H), 6.48 (d, J= 3,Hz, 1 
H), 7.01 (d, J= 3 Hz, 1 H), 7.51 (s, 1 H), 8.09 (s, 1 H); 13 C NMR (75 MHz, CDC1 3 ) 8 
14.06, 28.05, 28.31, 46.01, 60.19, 79.89, 81.97, 97.70, 110.82, 111.70, 135.17, 140.04, 
143.97, 145.66, 148.27, 149.32, 154.52, 155.46. 4-(8-Arnmo-2-furan-2-yl- 
[l,2,4]triazolo[l,5-a]pyrazin-6-yl)-piperazine-l-carboxylic acid tert-butyl ester: X H 
NMR (300 MHz, CDC1 3 ) <?1.46 (s, 9 H), 3.25-3.28 (m, 4 H), 3.55-3.58 (m, 4 H), 6.53 
(dd, J= 1.8, 3.3 Hz, 1 H), 7.06 (d, J= 3.3 Hz, 1 H), 7.23 (d, J= 1 .8 Hz, 1 H), 7.56 (s, 1 
H). 

0")2-Furan-2-yl-6-piperazm-l-yl-[l^,4]rriazolo[l,5-a]pyrazm-8-ylaniine 

To a solution of 4-(8-tert-butoxycarbonylamino-2-furan-2-yl- 
[l,2,4]Mazolo[l,5-a]pyrazin-6-yl)-piperazine-l-carboxylic acid tert-butyl ester (140 
mg, 0.29 mmol; see Example 16 (i) above) in methylene chloride (4 mL) was added 
trifluoroacetic acid (400 uL). The reaction was stirred at room temperature for 2 hours. 
After the solvent and extra trifluoroacetic acid was evaporated, the residue was 
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dissolved in methylene chloride (4 mL). The title compound in methylene chloride was 
divided into two portions and used for further reactions (see Example 17 and Example 
1'8 below) without further purification. 

Example 17 

2- Furaxi-2-yl-6-[4-(2,4,6-trifluoro-beii2yl)-piperaz:in-l-yl]-[l,2,4]rriazolo[l,5- 
a]pvrazin-8-ylamine 

To a solution of 2-furan-2-yl-6-pipera2dn-l-yl-[l,2,4]Mazolo[l,5-a]pyrazin-8- 
ylamine in methylene chloride (see Example 16 above) was added 2,4,6- 
trifluorobenzaldehyde (28 mg, 0.18 mmol), sodium triacetoxyborohydride (46 mg, 0.22 
mmol) and acetic acid (6 |aL, 0.1 mmol). The reaction was stirred at room temperature 
for overnight. After the solvent was removed, the residue was subjected to flash 
chromatography (ethyl acetate / hexanes = 30:70, 40:60) to afford 2-furan-2-yl-6-[4- 
(2,4,6-Mfluoro-ben^D-piperazin-lTvl]-[l,2,4]triazolo[i a 
white solid (35 mg, 56 %). *H NMR(300 MHz, CDC1 3 ) S±66 (t, J= 4.5 Hz, 4 H),~ 
3.34 (t,/= 4.5 Hz, 4 H), 3.73 (s, 2H), 5.61(s, 2H), 6.54 (dd, J= 1.8, 3.6 Hz, l.H), 6.-67 
(d, J= 7.8 Hz, IH), 6.70 (d, J= 7.8 Hz, IH), 7.07 (d, J= 3.6 Hz, 1 H), 7.26 (s, 1 H), 
7.57 5, J= 1.8 Hz, IH); 13 C NMR (100 MHz, CDC1 3 ) £46.53, 48.35, 51.56, 95.63, 
99.82,. 100.10, 100.38, 110.29, 111.73, 134.80, 143.80, 146.00, 146.42, 149.06, 155.13. 

Example 18 

6-[4-(5-CMoro-l-methyl-3-trmuoromethyl-lH-pyrazol-4-ylmethyI)-piperazin-l- 
yl]-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazm-8-yIamine 

To a solution of 2-furan-2-yl-6-piperazm-l-yl-[l,2,4]triazolo[l,5-a]pyrazin-8- 
ylamine in methylene chloride (see Example 16 above) was added 5-chloro-l-methyl- 

3- (trifluoromethyl)pyrazole-4-carboxaldehyde (45 mg, 0.21 mmol), sodium 
triacetoxyborohydride (65 mg, 0.3 1 mmol) and acetic acid (1 2 uL, 0.2 mmol). The 
reaction was stirred at room temperature overnight. After the solvent was removed, the 
residue was subjected to flash chromatography (ethyl acetate / hexanes = 40:60) to 
afford 6-[4-(5-cMoro-l-methyl-3-trifluoromemyl-lH-pyrazol-4-ylmemyl)-piperaz^ 
yl]-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-8-ylamine as a white solid (9 mg, 13 %). 
J H NMR (300 MHz, CDC1 3 ) £2.62- 2.70 (m, 4 H), 3.27- 3.39 (m, 4 H), 3.54 (s, 2H), 
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3.92 (s, 3H), 5.54 (s,'2H), 6.56 (dd, J= 1.8, 3.3 Hz, i H), 7.08 (d, /=3.3 Hz, 1 H), 7.27 
(s, 1H), 7.58' (d, 7= 1.8*Hz, "lH). MS: m/z 482.14 [M+H] + , . 

Example 19 

5-(8-Amino-2-furan-2-yl-{l,2,4]triazolo[l,5-a]pyra2in-6-yl)-lH-pyridin-2-one r' 

A solution of 2-furan-2-yl-6-(6-methoxy-pyridin-3-yl)-[l,2,4]triazolo[l ,5- 
a]pyrazin-8-ylamine (25 mg; see Ex. 201 below which was prepared according to 
Example 4 above), MeOH (100 uL) and cone. HC1 (100 uL) in dioxane (2 mL) was 
heated (around 90 C) for 1 hour. The solvent was removed and the residue was 
triturated with water to afford 5-(8-ammo-2-fui^-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-6- 
yl)-lH-pyridin-2-one (19 mg, 80 %) as a brown solid. *H NMR.(400 MHz, DMSO-dg) 
<?6.47(dd,J = 9.6, 0.6Hz, 1H), 6.72 (dd, J= 3.4, 1.9 Hz, 1H), 7.12 (dd, 7= 3.4, 0.6 
• Hz, 1H), 7.92 (ddi J = 1.8, 0.9 Hz, 1H), 8.07 (dd, J= 2,6, 0^6 Hz, 1H), 8.1 1 (dd, 7= 
9.4, 2.6 Hz, lH),8.18 t (s, lH). MS: m/z 295 [M + 1].J 

Example 20 

N-[3-(8-Anu^^ 

methyMsonicotinamide 

; To a solution of 2-furan-2-yl-6-(3-methylainino-prop- 1 -ynyl)- 

[l,2,4]triazolo[l,5-a]pyrazin-8-ylaniine (0.05 mmol, see Ex. A% below which was 

*• » - . . „ - - . * _ <: .. 

prepared according to Example 3 above) in DMF (200 uL) was added isonicotinic acid 
(7 mg, 0.05 mmol), EDC (14.5 mg, 0.05 mmol), HOBT (6.8 mg, 0.05 mmol) and TEA 
(100 uL) successively. The reaction was stirred overnight, diluted with water, and 
extracted with methylene chloride. The combined organic extracts were washed with 
brine, dried over magnesium sulfate and concentrated in vacuo. The residue was 
purified using preparative HPLC (CI 8, H 2 0:MeCN gradient) to afford the desired 
product as a TFA salt. J H NMR (300 MHz, Acetone-de) £8.78 (br. s, 2 H), 8.31 (s, 1 
H), 7.90 (d, /= 2.1 Hz , 1H), 7.80 (br, s 2H), 7.13 (d, J= 3.3 Hz, 1H), 7.04 (br. S. 1H), 
6.67 (dd, 7= 2.1 Hz, 3.3 Hz, 1H), 4.65 (s, 1H), 4.34 (s, 1H), 3.63-3.14 (br. s, 3H). MS: 
m/z 374 [M + 1]. 



Example 21 
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Thiophene-3-sulfonic acid I3-(8-amino-2-furan-2-yl-[l,2,4]triazoIo[l,5-a]pyrazin- 
6-yl)-prop-2-ynyl]-amide 

To a solution of 6-(3-arnino-prop-l-ynyl)-2-furan-2-yl-[l,2,4]1riazolo[l,5- 
a]pyrazin-8-ylamine (0.1 mmol, se^s Example 26 below) in THF (1 mL) was added 
thiophene-3-sulfonyl chloride (23.7 mg, 0.13 mmol), a catalytic quantity of DMAP and 
Hiinig's base (52 uL, 0.3 mmol) successively. The reaction was stirred overnight and 
diluted with water. The aqueous layer was extracted with methylene chloride. The 
combined organic extracts were washed with brine and dried over magnesium sulfate. 
The solvent was then evaporated. The residue was purified using preparative HPLC 
(CI 8, H 2 0:MeCN gradient ) to afford the desired product. *H NMR (400 MHz, 
DMSO-ds) <?8.16 (1H); 8.09 (1H), 7.86 (1H), 7.68 (1H), 7.54 (1H), 7.31 (1H), 
7.07(1H), 6.65 (1H), 4.23 (2H), 3.53 (d, J= 7 Hz, 2H). MS: m/z 401 [M + 1]. 

Example 22 
2-Furap-2-yl-6-(3^ 

A solution of phenol (9.4 mg, 0.1 mmol) arid 3-(8-amirio-2-furan-2-yl- 
[l,2,4]triazolo[I,5-a]pyrazin-6-^^^ (0.05 mmol, see Ex. 46 below which 

was prepared according to Example 3 above) in THF (1 mL) at 0 °C was treated with 
triphenyl phosphine (26 mg, 0.1 mmol) and diisopropyl azodicarboxylate (20 uL, 0.1 
mmol). , After 30 min at 0 °C, the reaction was allowed to warm to room temperature 
and was stirred for an additional 14 hours. The reaction mixture was diluted with water 
and concentrated in vacuo. The aqueous phase was extracted with ethyl acetate, and 
the organic extract was washed with brine, dried over magnesium sulfate, and 
concentrated in vacuo. The residue was purified using preparative HPLC (CI 8, 
H 2 0:MeCN gradient ) to afford 2 7 furan-2-yl-6-(3-phenoxy-prop- 1 -ynyl)- 
[l,2,4]1iiazolo[l,5-a]pyrazin-8-ylamine as a white powder. *H NMR (300 MHz, 
DMSO-d 6 ) S 8.45 (s, 1H), 7.92 (d, 1H), 7.34 (br m, 2H), 7.34 (t, J= 8.7 Hz, 2H), 7.14 
(d, J= 3 Hz, 1 H), 7.0-7.1 (br m, 3H), 6.72 (dd, J= 3.0, 1.8 Hz, 1H), 5.07 (s, 2 H). MS: 
m/z332[M+l]. 

Example 23 

2-Furan-2-yl-6-(3-phenyl-3^ 
a]pyrazin-8-ylamine 
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Synthesis of the title compound is described in parts (a) - (b) beioy. * 

a) 6-Etbynyl-2-furan-2-yl-tl,2,4]<riazolD[l^a]pyrazin-8-ylamine 

To a stirred solution of 6-bromo-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-8- 
ylamine (500 mg, 1.78 inmol, see Examples 1 and 2 above) and 
5 (trimethylsilyl)acetylene (1 .5 mL, 10 mmol) in a mixture of THF (10 mL) and TEA (5 
mL) was added copper(I) iodide (68 mg, 0.36 mmol, 20 mol %) and PdCl 2 (PPh 3 ) 2 (190 
mg, 0.27 mmol, 15 mol %). The reaction vessel was degassed and heated at 50°C for 18 
hours. After cooling to room temperature, the reaction mixture was diluted with water 
and extracted with methylene chloride. The combined organic extracts were dried over 

10 magnesium sulfate, and concentrated in vacuo to yield a crude product, which was 

purified by flash chromatography (silica gel, elution with 20% to 40% EtOAc/Hexane 

in volume) to afford the resulting 2-furan-2-yl-6-trimethylsilanylethynyl- 

[1 ,2,4]triazolo[l ,5-a]pyrazmr8-ylamine. The trimethylsilyl group was removed by 

•£> treating a stirred solution of the crude material (2-fijran-2-yl-6-trimethylsilanylethynyl- 

15 Il,2,4]tria2olp[l,5-a]pyrazin-8-ylaniihe). in wet MeOH (20 mL) with Amberlyst A26 
resin (2 g) for 1 hour. The suspension was filtered, and the resin was washed 
sequentially with MeOH and THF. The filtrate was concentrated in vacuo to yield the 
• desired 6-emynyl-2-furah-2-yl-[l, - 2,4^ (0.34 mg, 84% " 

overall yield), which was used in the subsequent transformation without further 

20 . purification. 

b) 2-Furan-2-yl-6-(3-phenyl-3-phenyIamino-prop-l-ynyl)-tl^,41triazolo[l,5- 
a] pyr azin-8-ylamine 

To a solution of benzylidene-phenyl-amine (0.05 mmol) (prepared by heating 
neat phenylamine (0.05 mmol) and benzaldehyde (0.05 mmol) at 60 °C for 2 hours) in a 

25 1:1 mixture of THF (250 uL) and methanol (250 uL) was added the above 6-ethynyl-2- 
fiiran-2-yl-[l,2,4]triazolo[l,5-a]pyrazm-8-ylaniine (11 mg, 0.05 mmol). CuBr (2.2 mg, 
0.015 mmol, 30 mol %) was added to the reaction mixture followed by RuCl 3 (0.03 mg, 
0.0015, 3 mol %) in water (50 uL). The reaction vessel was degassed and heated at 40 
°C, for 18 hours. After cooling, water was added and the residue was extracted with 

30 ethyl acetate. The combined organic extracts were dried over magnesium sulfate, and 
concentrated in vacuo to yield a crude product, which was purified using preparative 
HPLC to afford 2-furan-2-yl-6-(3-phenyl-3-phenylamino-prop-l-ynyl)- 
[l,2,4]triazolo[l,5-a]pyrazm-8-ylamine. ! H NMR (300 MHz, Acetone-d 6 ) 8 8.20 (s, 
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1H), 7.79-7.71 (3H), 7.43-7.40(3H), 7.15-7.11(4H), 6.90-6.87(2H), 6.67-6.65(2H), 5.70 
(s, 1H), 2.55(s, 1H). MS: m/z 407 [M + 1]. 

Example 24 

3-(8-Amino-2-furan-2-yl-[l,2^ 
piperidine-l-carboxylic acid tert-butyl ester 

Synthesis of the title compound is described in parts (a) and (b) below. 

(a) 3-Ethynyl-3-hydroxy-piperidine-l-carboxylic acid tert-butyl ester 

A solution of 3-oxo-piperidine-l-carboxylic acid tert-butyl ester (1 12 mg, 0.56 
mmol) in THF (1 mL) was added dropwise to a solution of ethynylmagnesium bromide 
(0.5 M, 2.2 mL) in THF (1 mL) at 0°C and the resulting mixture was stirred at 0°C for 4 
hours. The reaction was quenched with saturated aqueous NH4CI and extracted with 
ethyl acetate, the combined organic extracts we^ washed with water, brine, dried over 
anhydrous magnesium sulfate, and concentrated to afford 3-ethynyl-3-hydroxy- 
piperidine-l-carboxylic acid tert-butyl ester (119 mg, 94,%) as yellow oil. MS: m/z = 
226 amu (M* '+ H). . - 

(b) 3-(8-Amino-2-furan-2-yl-Il^,4]triazolo[l,5-a]pyrazin-6-ylett 
piperidine-l-carboxylic acid tert-butyl ester 

3-(8-Animo-2-nffan-2-yl-[l,2,4]tria^^ 
piperidine-l-carboxylic acid tert-butyl ester was prepared in an analogous manner as 
described in Example 3 (6 % yield). ! H NMR (300 MHz, DMSO) 8 8.25 (br s, 1 H), 
7.92 (br s, 1 H), 7.63 (s, 2 H), 7.14 (br s, 1 H), 6.72 (br s, 1 H), 3.73-3.64 (m, 1 H), 3.11 
(m, 2 H), 1.91 (m, 1 H), 1.72-1.58 (m, 4 H), 1.37 (s, 9 H). MS: m/z: 425 [M + H] + . 

Example 25 

6-{3-[(6-Chloro-2-fluoro-3-methy^ 
yl-[l^,4]Mazolo[l,5-a]pyrazm-8-ylamine 

Synthesis of me title compound is described in parts (a) and (b) below, 
(a) (6-ChIoro-2-fluoro-3-methyl-benzyl)-ethynyl-methyl-amine 

To a solution of ethynyl-methylamine (98 uL, 1 .16 mmol) and 6-chloro-2- 
fluoro-3-methyl-benzaldehyde (200 mg, 1.16 mmol) in CH 2 C1 2 (3 mL) was added 
sodium triacetoxyborohydride (369 mg, 1.74 mmol) and acetic acid (7 uL, 0.12 mmol). 
The reaction mixture was stirred at room temperature for 2 hours, quenched with 
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saturated aqueous NaHC0 3 , and extracted with ethyl acetate. The combined organic' 
phases were washed with brine, dried over anhydrous magnesium sulfate, and 
concentrated to afford the title compound as yellow oil. 

(b) 6-{3-((6-Chloro-2-fluoro-3-methyl-bensyl)-methyl-animo]-prop-l-ynyl}l2- 
furan-2-yl-[l,2,4]rriazolo[l,5-a]pyraziii-8-ylainine 

6-{3-[(6-CWoro-2-fluoro-3-memyl-benzyl)-memyl-amino]-prop-l-ynyl}-2- 
furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-8-ylamine was prepared in an analogous 
manner as described in Example 3 (41 % yield). *H NMR (300 MHz, DMSO) 8 8.50 
(br s, 1 H), 7.92 (br s, 1 H), 7.63 (s, 2 H), 7.50-7.30 (m, 2 H), 7.14 (br s, 1 H), 6.72 (br 
s, 1 H), 4.25 (br s, 3 H), 2.70 (br s, 2 H), 2.25 (s, 3 H). MS: m/z: 426 [M + H] + . 

Example 26 

^-Animo-prop^l-ynyl^-f^^ 

TO a solution of [3-(8-ammo-2-furan-2-yl-il,2,4]triazol6[l,5-a]pyrazin-6-yl)- 
prop-2-ynyl]-carbamic acid tert-butyl ester (100 mg, 0.28 mmol; see Ex. 41 below 
which was prepared according to Example 3 above) in CH 2 C1 2 (3 mL) was'added 
trifluoroacetic acid (107 uL, 1.4 mmol). The reaction was stirred at room temperature 
for 2 hours. The solvent and trifluoroacetic acid was removed to yield 6-(3-amino- 
pro;p-l-ynyl)-2-fu^ brown oil ;The 

compound was used without further purification. MS: m/z = 255 amu (M* + H) 

Example 27 

6-{3-IBis-(2,4,6-trmuoro^benzyl)-amino]-prop-l-ynyl}-2-furan-2-yl- 
[l,2,4]triazoIo[l,5-aIpyrazm-8-yIamine 

To a solution of 6-(3-ammo-prop-l-ynyl)-2-furan-2-yl-[l,2,4]triazolo[l,5- 
a]pyrazm-8-ylamine (17.7 mg, 0.07 mmol, see Example 26 above) and 2,4,6-trifluoro- 
benzaldehyde (1 1 mg, 0.07 mmol) in CH 2 C1 2 (2 mL) was added sodium 
triacetoxyborohydride (22 mg, 0.10 mmol) and acetic acid (6 uL, 0. 10 mmol). The 
reaction mixture was stirred at room temperature for 2 hours, quenched with saturated 
aqueous NaHC0 3 , and extracted with ethyl acetate. The combined organic phases were 
washed with brine, dried over anhydrous magnesium sulfate, and concentrated to afford 
the title compound (4 mg, 9 % yield). l H NMR (300 MHz, DMSO) <?8 8.30 (br s, 1 
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H), 7.92 (br s, 1 H), 7.63 (s, 2 H), 7.10 (m, 5 H), 6.72 (br s, 1 H), 3.80 (s, 4 H), 3.50 <s, 
2 H). MS: m/z: 543 [M + Hf . 

Example 28 

4-(8-Amino-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-6-yI)-3,6-diliydro-2H- 
pyridine-l-carboxylic acid tert-butyl ester 

A mixture of 6-bromo-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-8-ylainine 
(112 mg, 0.4 mmol; see Examples 1 and 2), 4-(4,4,5,5-tetramethyl-[l,3,2]dioxaborolan- 
2-yl)-3,6-dihydro-2H-pyridme-l -carboxylic acid tert-butyl ester (185 mg, 0.6 mmol; 
see Eastwood, P. Tetrahedron Letters 41 :3705-3708 (2000) for its preparation), 
Pd(PPh 3 ) 3 (28 mg, 0.024 mmol), and aqueous Na 2 C0 3 (2 M, 1 mL) in DMF (4 mL) was 
heated (at approximately 80°C) for 16 hours. The.reaction was filtered and then 
purified by HPLC (CI 8, H 2 0:MeCN gradient) to afford 4-(8-ammo-2-furan-2-yl- 
[1 ,2,4]triazolo[l ,5-a]pyrazm-6-yl)-3^dihydro-2H-pyridine- 1-carboxylic acid tert-butyl 

. ester (72mg, 47 %). n H NMR (400 MHz, DMSO-de) 8 1.43 (s, 9H), 2.47 (br. s, 2H)I 
3.54 (t, j= 6.2 Hz, 2H), 4.05 (br. s, 2H), 6.7 (br. s, 1H), 6.7 (dd, J= 3.3, 1.7"Hz, 1H), 
7.12 (dd, J= 3.5, 0.7 Hz, 1H), 7.91 (dd, J = 1.7, 0.7 Hz, 1H), 8.18 (s, 1H). MS: m/z - 

.383 [M+H] + . " 

Example 29 

4-(8-Amko-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazm-6-yl)-piperidme-l 
carboxylic acid tert-butyl ester 

To a solution of 4-(8-anuno-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-6-yl)- 
3,6-dihydro-2H-pyridine-l -carboxylic acid tert-butyl ester (50 mg, 0.13 mmol; see 
Example 28 above) in MeOH (1 mL) was added palladium (10 wt.% on activated 
carbon, 10 mg). The reaction mixture was stirred at room temperature under hydrogen 
atmosphere (1 atm) for overnight. The reaction mixture was filtered through Celite and 
the filtrate was concentrated to yield title compound (2.5 mg, 5 %) as yellow solid. X H 
NMR (300 MHz, DMSO) 8 8.01 (br s, 1 H), 7.89 (s, 1 H), 7.47 (s, 2 H), 7.09 (br s, 1 
H), 6.69 (br s, 1 H), 4.06 (d, J = 1 1.7 Hz, 2 H), 2.80-2.63 (m, 3 H), 1.84-1.80 (m, 2 H), 
1.69-1.64 (m, 2 H), 1.41 (s, 9 H). MS m/z = 385 amu (M* + H). 

Example 30 
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2-Furan-2-yl-6-[l-(2,4,6-tri£luoro-benzylamiflio)-cycIohexyiethyiiyl]- 
[l,2,4]triazolo[l,5-a]pyrazin-8-ylamine 

A solution of 6-(l-amino-cyclohexylethynyl)-2-furan-2-yl-[l,2,4]triazol6£l,5- 
a]pyrazin-8-ylamine (45 mg, 0.14 mmol; see Ex. 61 below which was prepared * 
according to Example 3 above) and 2,4,6-trifluorobenzaldehyde (19 mg, 0.12 mmol) in 
MeOH (1 mL) was stirred at room temperature for 3 hours. After that, sodium 
borohydride (7 mg, 0.18 mmol) was added to the solution. The reaction mixture was 
stirred at room temperature for 1 hour. The reaction mixture was filtered through a pad 
of silica gel, washed with ethyl acetate. The eluant was concentrated. The residue was 
isolated by reversed phased HPLC eluting with a water / acetonitrile gradient to yield 2- 
furan-2-yl-6-[l-(2,4,6-trifluoro-benzylammo)-cyclohexylethynyl]-[l,2,4]M 
a]pyrazin-8-ylamine (2 mg, 4 %). *H NMR (300 MHz, DMSO) 5 8.51 (br s, 1 H), 7.89 
(s, i H), 7.67 (s, 2 H), 7.40 (br s, 2 H), 7.09 (br s, 1 H), 6.69 (br s, 1 H), 4.35 (m, 2 H), 
2.35-2.20 (m, 2 H), 1 .84-1 .60 (m, 8 H). MS: m/z = 467 amu (M* + H). 

Example .^1 

4-(8-Amino-2-furan-2-yl-[l,2,4]MazoIo[l,5-a]pyrazta-6-yl)-l-(4-ai^ 
methyl-but-3-yn-2-ol 

To a solution of ^4-(8-ammo-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-6-yl>2- 
thethyl-l-(4-nitro-phenyl)-but-3-yn-2-ol (17.7 mg, 0.044 mmol; see Ex. 72 below 
which was prepared according to Example 24 above) in DMF (3 mL) was added 
SnCl2"2H 2 0 (98 mg, 0.43 mmol) and the reaction was stirred at room temperature for 
overnight. The solvent was removed in vacuo and the residue was purified by reversed 
phase HPLC eluting with a water / acetonitrile gradient to yield the title compound (6.5 
mg, 39 %) as yellow solid. 'H NMR (300 MHz, DMSO) 5 8.25 (s, 1 H), 7.93 (br s, 1 
H), 7.60 (s, 2 H), 7.33 (m, 2 H), 7.14 (br s, 1 H), 7.04 (m, 2 H), 6.72 (br s, 1 H), 2.82 (s, 
2 H), 1.38 (s, 3 H). MS: m/z = 375 amu (M+ + H). 

Example 32 

4-(8-Amino-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-6-ylethynyl)-l-(2,4,6- 
trifluoro-benzyl)-piperidin-4-ol 

Synthesis of the title compound is described in parts (a) and (b) below. 
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(a} 4-(8-Ainino-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-6-yleth^ 
ol 

. To a solution of 4-(8-amino-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-6- 
ylethynyl)-4-hydroxy-piperidine-l r carboxylic acid tert-butyl ester (29 mg, 0.068 mmol; 
see Ex. 59 below which was prepared according to Example 24 above) in CH2CI2 (2 
mL) was added trifluoroacetic acid (200 uL). The reaction was stirred at room 
temperature for 2 hours. The solvent and trifluoroacetic acid was removed to yield 6- 
(3-ammo-prop-l-ynyl)-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazm-8-ylanune. The 
compound was used without further purification. 
(b)4-(8-Amino-2-furan-2-yl-[l,2,4]ti^ 
trifluoro-benzyl)-piperidin-4-ol 

To a solution of 4-(8-amino-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin-6- 
ylethynyl)-piperidin-4-ol (22 mg,0.068 mmol) and 2,4,6-ttfluoro-benzaldehyde(l 1 
mg, 0.068 mmol) in CH 2 C1 2 (2 mL) was added sodium triacetoxyborohydride ( 32 mg, 
- 0. 15 mmol). and acetic acid (6 uL, 0. 10 mmol). The reaction mixture was stirred, at 
room temperature for 2 hours. The reaction mixture was filtered through a pad of silica 
gel, washed with ethyl acetate. The eluant was concentrated. The residue was isolated 
by reversed phased HPLC eluting with a water / acetonitrile gradient to yield 4-(8- 
amino-2-furan-2-yl-[l ,2,4]triazolo[l ,5-a]pyrazm-6-yletiiynyl)-l-(2,4,6-trifluoro- 
benzyl)-piperidinl4-ol (1 mg, 3 %). l H NMR (300 MHz, DMSO): S 7.92 (br s, 1 H), 
7.70 (m, 3 H), 7.41 (s, 2 H), 7.14 (s, 1 H), 6.72 (s, 1 H), 4.43 (s, 2 H), 3.80 (m, 4 H), 
2.12-1.96 (m, 4 H). MS: m/z: 469 [M + H] + . 

Example 33 

»S-2-(8-Aiiimo-2-furan-2-yl-[l,2,4]^ 
1-carboxylic acid tert-butyl ester 

The title compound was prepared in an analogous manner as described in 
Example 3 from S-2-ethynyl-pyrrolidine- 1-carboxylic acid tert-butyl ester (for its 
preparation, see Trybulski, E. J et al., J. Med. Chern. 33:3190 (1990)). 

Example 34 

i^2-(8-Animo-2-furan-2-yl-[l^,4^ 
1-carboxylic acid tert-butyl ester 
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The title compound was prepared in an analogous manner as described in 
Example 3 from i?-2-ethynyl-pyrrolidine-l-carboxylic acid tert-butyl ester (for its 
preparation, see Trybulski, E. J et al.,* J. Med. Chem. 33:3190 (1990)). 



5 Example 35 

£-*ra/is-2-[2-(8-Am^ 

pyrrolidine- l-carboxylic acid tert-butyl ester and S-cis-2- [2-(8- Amino-2-fur an-2- 
yl-[l,2,4]triazolo[l,5-a]pyrazin-6-yl)-vinyll-pyrroUdine-l-carboxylic acid tert- 
butyl ester 

10 To a stirred solution of lithium aluminium hydride (42 mg, 1.1 mmol) in THF (2 

mL) was added a solution of iS r -2-(8-ainino-2-furan-2-yl-[l > 2,4]triazolo[l,5-a]pyrazin-6- 
ylethynyl)-pyrrolidine-l-carboxylic acid terf-butyl ester (96 mg, 0.24 mmol; see 
Exsample 33 above) in THF (1 mL) at 0°C. The reaction was maintained at 
^ approximately 10°C for 2 hours, and then quenched succesively with water (0.2 mL), 5 

15 N NaOH (0.2 mL), and water again (0.6 mL) at 0 °C. TTie inSbluble material was 

removed by filtration, washed with ethyl apetate, and the filtrate was concentrated in 
" r vacuo. The residue was subjected to flash chromatography using ethyl acetate / 
hexanes (40:60) as eluant to afford /rans-compound (2 mg, 2 %) as yellow oil and cis- 
compound (2 mg, 2 %) as yellow oil. . - 

20 5-^an5-2-[2-(8-Ajnmo-2-furan-2-yl-[ 1 ,2,4]triazolo[ 1 ,5-a]pyrazin-6-yl)-vinyl]- 

pyrroh : dine-l-carboxylic acid tert-butyl ester: l H NMR (300 MHz, DMSO) S8AS (s, 1 
H), 7.90 (d, J= 1.8 Hz, 1 H), 7.42 (br s, 2 H), 7.1 1 (d, J= 3.3 Hz, 1 H), 6.71 (dd, J= 
1.8, 3.3 Hz, 1 H), 6.53 (dd, J= 6.3, 15.3 Hz, 1 H), 6.30 (d, J= 15.3 Hz, 1 H), 4.37 (br s, 
1 H), 1.99 (m, 1 H), 1.75-1.63 (m, 3 H), 1.34 (s, 9 H), 1.30-1.19 (m, 2 H). MS: m/z = 

25 397amu(M + + H). 

5-cw-2-[2-(8-Animo-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazm-6-yl)-^ 
pyrrolidine-l-carboxylic acid tert-butyl ester: *H NMR (300 MHz, DMSO) <58.17 (s, 1 
H), 7.91 (d, J = 1 .8 Hz, 1 H), 7.41 (br s, 2 H), 7.12 (d, J= 3.3 Hz, 1 H), 6.71 (dd, J= 
1.8, 3.3 Hz, 1 H), 6.14 (dd, J= 4.5, 8.7 Hz, 1 H), 6.67 (d, J= 8.7 Hz, 1 H), 2.35 (m, 1 

30 H), 1.83-1.63 (m, 4 H), 1.38-1.19 (m, 12 H). MS: m/z = 397 amu (M 1 " + H) 



Example 


Name 


MS (m/z) 
[M+HJ+ 


Synthetic 
Method 
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Example 


<> . 

Name 


TV/TO / / x 

MS (m/z) 
|M+H]+ 


Synthetic 
Method 


Ex. 36 


l-f8-Amino-2-"frir?m-'?-v1-ri 9 d.ltria-T'rJrkri ^ aim^^m 

x /xuxuiu xuu.au yi-[^i 9 ^ ) '-tj llla/,UliJ|_A , j-ajpyrazifl.- 

6-ylethynyl)-cyclobutanol 


c 

296 


Example 3 


Ex. 37 


l-f8-Amino-2-furan-2-vi-ri 9 ^Hfrin7n1on ^-qItwi-o^m 
6-ylethynyl)-cyclopentanol 


310 


Example 3 


Ex. 38 


l-r8-Amino-2-^'?-flnorn-n'hf»n\/n-ri 9 ^.IfrisiwVlrtri ^ 
* L w uuui v^juciljf l ^ |_ 1 ,^,t J U loZOlOl 1 

a]pyrazin-6-yletliynyl]-cyclopentanol 


338 


Example 3 


Ex. 39 


1 -(8 - Amino-2-fTiran-2- vl -f 1 9 41tn'n«yri1nn ^ aim/rQ-7i« 
v v f * uuiiu -i.uj.axi ^ ,y i l 1 j^3^J u lazuiu [ i , j ~ajpyrazifl- 

6-ylethynyl)-cyclohexanol 


324 


Example 3 


Ex. 40 


4-r8-Amitin-2-r^-flnnrn-riVi#»nv^ l"1 9 Alt^-io^^'l^ri c 
L u .f^iiniiu z. v.-' Ai.uunj-piiciiyi^-^1 j^j'rjiriaZOIOLl ,3- 

a]pyrazin-6-yl]-2-phenyl-but-3-yn-2-ol 


374 


Example 3 


Ex. 41 


[3^8-Ainino-2-fuim-2-yl-[l,2,4]triazolo[l,5- 
a]pyrazin-6-yl)-propr2-ynyl]-carbamic acid tert-butyl 
ester * 


355 


Example 3 


Ex.42 .. 

v 


2 — FliraTl — 2 —VI — n — —in f^tTi x/1 a m irt /\_r%T , /*\** 1 ^ r*t ,1 \ 
«** ■*- ******* _y i. vj —uicLiiy mm it nj~pr tip— i —ynyi i— 

[l^,4]triazolo[i;5-a]pyra^-8-ylainine 


269 


Example 3 


Ex.43 


'9-f 8-Amino-2-fiira"n-9-v1-ri 9 ^Iti-ioTrkl/xn ^ olf»trt«m« 

4 ^ v° ^» xui cui-z.-yi-L i j^j^jtnazoiOLi j j-ajpyrazin- 
6-ylethynyl)-indan-2-ol 


.358 


Example 24 v 


Ex. 44 


l-('8-ArriitlO-2-flirPlTl-9-vl-.ri 9 il"l*ria»rr»1rfcri <C olmira-rm 

• v" ™ um Y AWflu a jri*^ x ? ^ ? *t j tnazoio^ 1 3 j-ajpyraziti- 

6-ylediynYl)-2,2^ 


366 


Example 3 


'Ex. 45 


l-f8-Amino-2-furan-9-v1-ri 9 ^ntria^r^lrkn < oimjram« 
. * \" """"^ ** j-wojj,, ^^yi~|_i^ ? ^jui<tzoioj_i j3-ajpyrazin-» 

6-ylethynyl)-2-beii^l-cyciohexanol 


414 

• 


Example 24 


Ex. 46 


3-C8-Amino-2-furan-9-v1-n 9 41+rin'7r»lr»ri ^ oimirQ^M 

_/ milium iiuau jr-l l_l j-^jtj iXldZUlCJ^l - J -a j p yiPi 7!] Ti - 

6-yl)-prop-2-yn-l-ol 


256 


Example 3 


Ex. 47 


6-f3-Cvclohexv1-nrnn-1 -vn\/1V.9 -fii-ron 9 -»r1 

[ 1 ,2,4] triazolo[ 1 ,5-a]pyra2rin-8-ylamine 


322 


Example 3 


Ex.48 


6-f3-Cvclonentv1-r>rnn-1 -vnv1^.9-fiir5iTi-9 i/l 
[l,2,4]tTiazolo[l,5-a]pyrazin-8-ylamine 


308 


Example 3 


Ex. 49 


6-r3-(^eiizvl-methvl-arninoVr>rnri-1-vnv1l_9 fiiran 9 

yl-[l,2,4]Mazolo[l,5-a]pyrazin-8-ylaiiiine 


359 


Example 3 


Ex. 50 


6-[3-(6-CWoro-2-fluoro-3-metbyl-benzylainino)-prop- 
i -yny ij -z -iuran-z-yi- [ I ,z,4JtnazoIo[ 1 ,5-aJpyrazin-8- 
ylamine 


412 


Example 27 


Ex.51 


N-[3-(8-Amino-2-lw^^ 
a]pyrazm-6-yl)-prop-2-^ 


.413 


Example 20 


Ex. 52 


N-[3-(8-Amino-2-furan-2-yl-[ 1 ,2,4] triazolo[l ,5- 
a]pyrazin-6-yl)-proj>-2-ynyl]-2,4-difluoro-benzaim 


395 


Example 20 
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Example 


Name 


TV/TC /r»\ 

[M+HJ+ 


Synthetic 
Method 


Ex. 53 


N-F3-(8-Amino-2-foran-2-vl-f 1 9 dlti-in^nlrkn ^ 
a]pyrazin T 6-yl)-prop-2-yny^^ 


374 


Example 20 


Ex. 54 


3,5-DimethyI.isoxazble-4-carboxylic acid [3-(8-amino- 
2-fiiran-2-yHl,2^]rt^ 

ynylj-amide 


378 


Example 20 


Ex. 55 


5-Methyl-isoxazole-3-carboxylic acid [3-(8-amino-2- 
furan-2-yl-[l,2,4]triazolo[l 5 5-a]pyrazin-6-yl)-prop-2- 
ynyl]-amide 


364 


Example 20 


Ex. 56 


2,5-Dimethyl-2H-pyrazole-3-carboxylic acid [3-(8- 
amino-2-ftiran-2-yl-[ 1 ,2,4]triazolo[ 1 ,5-a]pyrazin-6-yl)- 
prop-2-ynyl]-amide 


377 


Example 20 


Ex. 57 


2 9 4-Dimethyl-thiazole-5-carboxylic acid [3-(8-amino- 
2-furan-2-yl-[ 1 s 2,4]triazolo[ 1 ,5-a]pyrazin-6-yl)-prop-2- 
ynyl]-amide 


394 


Example 20 


Ex. 58 


4-Methyl-2-pyrazin-2-yl-thiazole-5-carboxylic acid [3- 
(S-amino^-furan^-yl-tl^^ 

yl)-prop-2-ynyl]-amide 


458 


Example 20 


Ex. 59 - 


4-(8-Amino-2-fiiran^^ 

.6-ylethynyl)^hydroxy-piperidine-l-carboxylic acid 
tert-butyl ester ' 


425 


Example 24 " 


.. Ex. 60 


4-f8-Amino-2-fiiran-2-v1-n 9 4.1tris»9r\1nri ^ oinwo^'t, 
6-ylethyhyl)- 1 4sopropji-piperidin^-ol 


367 


Example 32 


Ex.61 


6-ri-Amino-cvft1nl*if*Yv1f»tti'vrix7^ 9 "firr*oii o i#i 
■** » » » u*/ ^ y yiuuvA jr Jig uiynyi ^-z-Tur^T| -Z~yi— 

[1 ,2,4]triazolo[ 1 a 5-a]pyra^-8-ylaiiAie 


323 


Example 3 


Ex. 62 


2-Fliran-2-vI-6-f 4-trifliinrnTn^tliv1_«Vi»T™r1*a*lnxr*w1\ 
*~ * -t* jr* w. ^~t*"uijjlu.vji vJULicixiyi~pju.ciiyi6uiyiiyi 

[l,2,4]triazolo[l,5-a]pyrazin-8-ylainine ' 


370 


Example 3 


Ex. 63 


2-Flirail-2- vl -fi-/ 4-r>f*n tv1-riV> f»nir1#kfl™ j«i rT\ 

[l,2,4]triazolo[l,5-a]pyrazin-8-ylamine 


372 - 


Example 3 


Ex. 64 


6-f2.4-Difluoro-Dlienvlethvrivn-9-fiirari 9 vl 
[ 1 ,2 ,4] triazolo[ 1 ,5-a]pyrazin-8 -ylamine 


338 


Example 3 


Ex. 65 


2-Furan-2-yl-6-pvridin-2-vlethvnvl-ri 2 4.trifl7nlnr i ^ 
a]pyrazin-8-ylamine 


303 


Example 3 


Ex. 66 


4-(8-Amino-2-furan-2-vl-ri 2 41tria7n1on s.ainvMTi'ti 
6-yl)-l-(3-trifluoromethyl-phenoxy)-«but-3-yn--2-ol 


430 


Example 3 


Ex. 67 


4-(8-Amino-2-foran-2-yl-[l ,2,4]triazolo[l ,5-a]pyrazin- 
6-yl)-2-methyl- 1 -phenoxy-but-3-yn-2-ol 


376 


Example 24 


Ex. 68 


l-(8-Amino-2-fur^^ 

6-yl)-5-phenyl-pent- 1 -yn-3 -ol 


360 


Example 24 


Ex. 69 


H8-Aiiiino-2-fiir^^ 

6-yl)-3 -methyl-5-phenyl-pent- 1 -yn-3-ol 


374 


Example 24 
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. Example 


Name 


Ms (m/z) 
[M+HJ+ 


Synthetic 
Method 


_« • 
Ex. 70 


^ w ** iijiuv/ auawi* jr a |_ 1 9 z.,*t j mdzoio [ i ,3-ajpyrazui- 
6-yl)- 1 -furao-2-yl-2-methyl-but-3-yn-2-ol 


350 


Example 24 


Ex. 71 


4-(8-Aniino-2-fiiran-9-v1-ri 9 41t**i»-yiVlrtri ^ _. 0 
6-yl)-l-r(3--flu6ro-phenyl)-2-methyl-but-3-yn-2-ol 


378 


< Example 24 


Ex. 72 


4-f8-Amino-2-irirari-2-v1-ri 9 41tt*i n^nl/^n ^ Qim««a^i« 
6-yl)-2-methyl-l-(4-nitro-phenyl)-but-3-.yn-2-ol 


405 


Example 24 


Ex. 73 


4-r8-Aininft-9-'fiirfin-9-v1-n 9 4 IfWarrrtl^ri <c 

v° rtiuixxu ^"iuj.au-^-yi-|_i 9 z,^jiriazoio|_i,D-ajpyrazin- 
6-yl)-2-methyl- 1 -pyridm-4-yl-but-3-yn-2-ol 


361 


Example 24 


Ex. 74 


x ^xumu-x-iuxdn-x-yi"^! ^ZjHJlTiazoio^ 1 jrj-ajpyraziTy 
6-yl)-3-methyl-non- 1 -yn-3-ol 


354 


Example 24 


Ex. 75 


1 ^8-Aniino-2-furaii-2-yl-[ 1 ,2,4]triazolo[ 1 ,5-a]pyrazin- 
6-yl)-3-(2-fluoroO-lrifluoromethyl-phenyl)-pent-l-yn- 
3-ol ; 


446 


Example 24 


. Ex.76 


4-(8-Amino-2-toan-2-yl-[^^^ 

6-yi)-2<4-dimethylamino-phenyl)- 1,1,1 -trifluoro-but- 
3-yn-2-ol 


443 


Example 3 


Ex. 77 


" v J l jo muAy-pm- 1 -ynyi i»z-Tiiran-x-yi- 
[ 1 ,2,4]triazolo[l a 5-a]pyrazin-8-ylamine 


326 


Example 22 


, Ex.78 


^ 1 ui<m y j-vjjynauio-yioxy^prop- 1 -ynylj- 
[l,2,4]triazolo[l,5-a]pyra2m-8-ylamiiie 


333 


Example 22 


Ex. 79 


2-Fiinm-2-yl-6-[3-(l-me^^ 
pynizol-3-yloxy)-prop-l-^^ 

a]pyrazin-8-ylamine 


.404 


Example 22 . 


Ex.80 


6-{3-[4-(3,5-DicMdro-pyri^ 

prop- 1 -ynyl} -2-furan-2-yl-[ 1 ,2,4] triazolo[ 1 ,5- 
a]pyrazin-8-ylamine 


492 


Example 22 


Ex.81 


^* •*■ yx w~|_j-^^-iiiiiuii^oi-i~yi-pjicD.oxy)-prop-*i- 
ynyl]-[l,2,4]triazolo[l,5-a]pyra^in-8-ylaiTiine 


398 


Example 22 


Ex. 82 


v l*^ v.- 1 jsuAiss k±±j x<xi 1 1 1, i ivj— iJixciivjAy y-prop- 1 — ynyi i 
fiirajn-2-yl-[l,2,4]tri^ 


375 


Example 22 


Ex. 83 


6-r3-f3-Chloro-4-fliinrn-i^lif»nriY\r'\„rirrkri 1 -i/ivi/n 0 

fiiraja-2-yl-[l,2,4]ta^ 


385 


Example 22 


Ex. 84 


N-[3-(8-Amino-2-feaji.2-yl-[l,2,4]triazolo[l,5- 
a]pyra2dn-6-yl)-prop-2-ynyl]-isoiiicotmamide 


360 


Example 20 


Ex. 85 


6-(8-Amino-2-ftira^ 

6-yl)-hex-5-ynenitrile 


293 


Example 3 


Ex. 86 


4-(8-Aiiiino-2-furan-2-yl-[ 1 ,2,4]triazolo[l ,5-a]pyrazin- 
6-yl)-2-phenyl-but-3-yn-2-ol 


346 


Example 3 
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Example 


- Name 


MS (m/z) 
[M+H]+ 


Synthetic » 
Method 


-Ex. 87 


4-fR-A'mino-2-fiiran-2-vl-ri 2 4itriazolori 5-alovrazin- 
6-yl)-2-pyridin-4-yl-but-3-yn-2-ol 


347 


Example 3 


Ex.88 


4_^R_Atnirin-9-fiiran-9-v1-ri 2 4 itriaVr>lr>r 1 5-al"Dvrazin- 

6-yl)-2-(3-trifluoromethoxy-phenyl)-but- i 3-yn-2-ol 


-* 

430 


Example 24 


Ex. 89 


4-(8-Amino-2-furan-2-yl-[l 3 2,4]triazolo[l,5-a]pyrazin- 
6-yl)-2-(2-fluoro-3-trifluoromethyl-phenyl)-but-3-yn- 
2-ol 


432 


Example 24 


Ex. 90 


4-[3-(8-Amino-2"furan-2-yl-[l,2,4]triazolo[l 3 5- 
a]pyrazin-6-yl)- 1 -hydroxy- 1 -methyl-prop-2-ynyl]- 
phenol 


362 


Example 3 


Ex.91 


4-^8- Aminn-9-fiiran-2-vl-n 2 41triazolon 5 - al d vrazin- 
6-yl)-2-naphthalen-2-yl-but-3-yn-2-ol 


396 


Example 24 


Ex. 92 


zLYft- Atninr>-9- - fiir5iTi-9-v1-n 9 4 ltria7olori 5 - al nvrazin- 

**r \ ti~/-\ III 1111 J~,Z»~1 LU. CULL jrA [_ A j^-*? ' J UiOiiUiW|_ J. j«y t* j iy jr A ntjii i 

6-yl)-2-benzo[>]tliiophen-3-yl-but-3-yn-2-ol 


402 


Example 24 


Ex.93 


AiritTin-9-'fiir5in-9-v1-ri -9 41tria7o1nri S-alnvrazin- 
6-yl)-2-biphenyl^yl-but-3-yn-2 : ol^ 


422, * 


Example 24 T . 


; Ex.94 


/i /o Amirirt-9--fiirfln-9-v1-ri 9 4~ltn"a7n1nr 1 S-aiTwrazin- 

6-yl)-2<4-iiiAi<iazol-l-yl-phenyl)-but-3-yn-2-6l 


412 


Example 3 


Ex.95 


9_rfi_rR- Aminrv-9-iiiran-9-v1-r 1 2 411riazolon 5- 
a]pyni2in-6-yl)-hex-5-ynyl]-isoAndole-l,3-dione 


427 


Example 3 


Ex. 96 


9-Fi ira'n-9 _v1 -^-f^-t'' tptrahvHrf>-nvran-2-vloxv^-T>rot*>- 1 - 
Z» xr UTcUl -z.-jfA— u— ^j~\\&\xaxxy\ix\j ^jyiau. ^ yx\jj\.yj pwj' A 

ynyl]r [ 1 ,2,4]triazolo[ 1 ,5-a]pynizin-8-ylamine 


340 


Example 3 


Ex. 97 


6-{3-[4-(2,4-Difluoro-phenyl)-piperazin-l-yl]-prop-l- 
ynyl} -2-ftiran-2-yl-[l ,2,4]triazolo[l ,5-a]pyrazin-8- 
ylamine 


436 


Example 12 


Ex. 98 


2-Fixran-2-yl-6-{3-[4-(2 s 4,6-tiAfluoro-phenyl)- 
piperazin-l-yll-prop-l-ynylJ-ti^^triazolotljS- 
a]pyrazin-8-ylaiiAine 


454 


Example 12 


Ex. 99 


9 -Furan-2-vl-6 -( 3 -ninerazin- 1 -vl-oroo vl i - 
[ 1 ,2 ,4]triazolo[ 1 ,5-a]pyrazin-8-ylamine 


328 


Example 26 


Ex. 100 


6- f3-r4-(2 4-Difluoro-DhenvlVDioerazin-l-vll-oroovl}- 
2-A\iran-2-yl-[l 3 2,4]tri^ 


440 


Example 13 


Ex. 101 


1 <8-Amino-2-fiiran-2-yl-[ 1 ,2,4]triazolo[l 9 5-a]pyrazin- 
6-yl)-3-methyl-pent- 1 -yn-3-ol 


JLyo 


xixampie d 


Ex. 102 


1 -(8-AAAAino-2-furan-2-yl-[ 1 ,2,4]triazolo[l ,5-a]pyrazin- 
6-yl)-3-isopropyl-4-methyl-pent-l-yn-3-ol 


340 


Example 3 


Ex. 103 


1 -(8-AAAAino-2-furaii-2-yl-[ 1 ,2,4]triazolo[l ,5-a]pyrazin- 
6-yl)-3-ethyl-pent-l-yn-3-ol 


312 


Example 3 
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Example 


Name 


MS (m/z) 
JM+H]+ 


Synthetic 
Method 


— — B — 
Ex, 104 


l-(8- Amino-2-furan-2-yl-[ 1 ,2,4]triazolo[ 1 ,5-a]pyrazin- 
6-yl) -3 , 6-dimethyl-hep t- 1 -yn-3 -ol 


340 


Example 3 


Ex. 105 


l-(8-Amino-2-turan-2-yl-[l ,2,4]tnazolo[l,5-a]pyrazin- 
6-yl)-3 ,5^dimethyl-hex- 1 -yn-3-ol 


326 . 


Example 3 


Ex. 106 


1 -(8-Amino-2-fiiran-2-yl-[l,2,4]tnazolo[ 1 ,5-a]pyrazin- 
6-yl)-3,4,4-trimemyl-pent-l -yn-3-ol 


326 


Example 3 


Ex. 107 


4-(8-Amino-2-furan-2-yl-[ 1 ,2,4] triazolo[ 1 ,5-a]pyrazin- 
6-yl)-l , 1 ,l-trifluoro-2-phenyl-but-3-yn-2-ol 


400 


Example 3 


Ex.108 


3-(8-Ammo-2-furan-2-yl-[ 1 ,2,4]triazolo[l,5-a]pyrazin- 
6-yl)- 1 , 1 -diphenyl-prop-2-yn- 1 -ol 


408 


Example 3 


Ex. 109 r 


3-(8-Amino-2-furan-2-yl-[l ,2,4]triazolo[l ,5-a]pyrazin- 
6.-yl)-l-phenyl^)rop-2-yQ-lK)l 

' fiv St 


332 

** 


Example 3. 
c 


Ex. 110 


3^8-AminO-2-furaii-2-yl-[l ,2,4]triazolo[l ,5-a]pyrazin- 
6-yl)- 1 -t4-(4-methyl-piperazm-l-yl)-phenyl]-prop-2- 
yn-l-pl 


430 


-* 

Example 3 


Ex.111 - 


3^8-Amino-2-fur^-2-yl-[l,2,4]tria2:olo[l,5-a]pyra^- 
6-yl)-l-benzo[l,3]dioxol-4-yl-prop-2-yn-l-ol 


376 


Example 24 


Ex. 112 


3-(8-Ammo-2-furan-2-yl-[l ,2,4]triazolo[l ,5-a]pyrazin- 
6-yl)-l-benzo[b]thiophen-2-yl-prop-2-yn-l-ol 
— ^ — * : . : 


388 


Example*24 


Ex. 113 


. 2-Furan-2-yl-6-[l~(5-methyl-isoxazol-3-ylmethyl)-- 
l^,3,6-tetrahy<ko-pyridin^yl]-[l^,4]triazolo[i ,5- 
a]pyrazin-8-ylamine 


378 


Example 32 


Ex. 114 


6- [ 1 -(5-Chloro- 1 -methyl-3 -trifluoromethyl- 1 H- 
pyrazol-4-ylmethyl)-l,2,3,6-tetr^ 

furan-2-yl-[l ,2,4]triazblo[ 1 ,5-a]pVazin-8-ylamine 


480 


Example 32 


Ex.115 


6- [ 1 -(5 -Chloro- 1 -methyl-3 -trifluoromethyl- 1 H- 
pyrazoM-ylmemyl)-piperidin-4-yl]-2-furan-2-yl^ 
[ 1 ,2,4] triazolo[ 1 ,5-a]pyrazin-8-ylamine 


482 


Example 32 


Ex. 116 


2-Furan-2-yl-6-[l-(2,4 9 6-trifluoro-benzyl)-l,2,3,6- 

* 1* X * * J / 7 7 7 

tetrahydro-pyridin~4-yl]-[ 1 ,2,4] triazolo[ 1 ,5-a]pyrazin- 
8-ylamine 


427 


Example 32 


Ex. 117 


2-Furan-2-yl-6-[l-(2,4,6-tnfluoro-benzyl)-pipendin-4- 
yl]-[l ,2,4]triazolo[l ,5-a]pyrazin-8-ylamine 


429 


Example 32 


Ex. 118 


3-(8-Amino-2-furan-2-yl-[l ,2,4]triazolo[l ,5-a]pyrazin- 
6-ylethynyl)- 1 -(2,4,6-trifluoro-benzyl)-piperidin-3-ol 


469 


Example 32 


Ex. 119 


6-[l-(6-Chloro-2-fluoro-3-methyl-benzyl)-l,2,3,6- 
tetrahydro-pyridin-4-yl]-2-furan-2-yl- 
[ 1 ,2,4]triazolo[ 1 ,5-a]pyrazin-8-ylamine 


440 


Example 32 


Ex. 120 


2-Furan-2-yl-6-( 1 -quinolin-4-ylmethyl- 1 ,2,3 ,6- 
tetrahydro-pyridin-4-yl)-[ 1 ,2,4] triazolo[ 1 ,5-a]pyrazin- 
8-ylamine 


424 


Example 32 
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Example 


Name 


[M+H]+ 


l5 jlllUcUL 

Method 


Ex.121 


C_0_T7iit-ori_0_v1-6-ri —(0 4 6-tri'fliiorri-K<»ri'Tv1^-ri"\7rrnHHi"n— 

2-ylethyhyl]-[l ,2,4]triazolo[ 1 ,5-a]pyraziri-8-ylaiiiine 


. 439 


Example 32 


Ex. 122 


^-2-Furan-2-yl-6-[l-(2,4,6-trifluoro-benzyl)- 
pyrroUdin^ylethynyy-tl^^triazolotl^-alpyrazin-S- 
ylamine 


439 


Example 32 


Ex. 123 


iS , -6-[l-(5-CMoro-furan-2-ylmethyl)-pyrrolidin-2- 
ylethynyl]-2-furan-2-yl-[l ,2,4]triazolo[ 1 ,5-a]pyrazin-8- 
ylamine 


410 


Example 32 


Ex. 124 


7?-6-[l-(5-CMoro-furan-2-ylmethyl)-pyrrolidin-2- 
ylethynyy^-furan^-yl-tl^^jtriazolofl^-alpyrazin-S- 
ylamine 


410 


Example 32 


Ex. 125 


vj jL~r ui dii.~z.~yi~ \j ^ i -t^uiiivjiLii j ~yimc my i~^jyi i uiimu a 

ylethynyl)-[l ,2,4]triazolo[l ,5-a]pyrazin-8-ylamiae 


436 


Example 32 


Ex.126 
% 


ylethynyl)-[l ,2,4]triazolo[l ,5-a]pyrazin-8-ylamine 


436 


Example 32 


„Ex,i.27 . 


iS-^-[l-(4-Brom^l-mc*^ 

pyiroUdin-2-yiethynyl]-2-furan-2~yl- 
. * [l,2,4]triazolo[l,5-a]pyrazin-8-ylamiiie 


■ "468 ' 


- Example 32 


Ex. 128 


i?-6- [ 1 -(4-Bromo- 1 -methyl- 1 H-pyrazol-3 -ylniethyl)- 
pyrroUdin-2-ylethynyl]-2-furan-2-yl- 
[1 ,2,4]txiazolo[l ,5-a]pyrazin-8-ylamine 


468 


Example 32 


Ex. 129 


i5^6-[l-(3,5-Dimethyl-isoxazol-4-yto 
2-ylethynyl]-2-lTiran-2-yl-[l,2,4]triazolo[l,5-a]p^ 
^8-ylamine 


404 


Example 32 


Ex.130 


i2-6-[l-(3,5-pimethylrisoxazol-4-ylmethyl)-pyrrolidL^^ 
2-ylethynyl]-2-ftiran-2-yl-[l,2,4]triazolo[l ,5-a]pyrazin- 
8-ylamine 


404 . 


Example 32 


Ex. 131 


S-6-[l-(5-CMoro-l-methyl-3-ti^^ 
pyrazol-4-ylmethyl)-pyrrolidin-2 -ylethynyl] -2-furan-2 - 
yl-[ 1 ,2,4] triazolo[l ,5-a]pyrazin-8-ylamine 


492 


Example 32 


Ex. 132 


»S'-2-Furan-2-yl-6-[ 1 -(5-methyl-isoxazol-3 -ylmethyl)- 
pyrrolidin-2-ylethynyl]-[i ,2,4]triazolo[ 1 ,5-a]pyrazin-8- 
ylamine 


390 


Example 32 


Ex. 133 


5-2-[2-(8-Amino-2-furan-2-yl-[ 1 ,2,4]triazolo[l ,5- 
a]pyrazin-6-yl)-ethyl]-pyrrolidine- 1 -carboxylic acid 
tert-butyl ester 


399 


Example 13 


Ex. 134 


^-2-[2-(8-Amino-2-fijran-2-yl-[l,2,4]triazolo[l ,5- 
a]pyrazin-6-yl)-ethyl]-pyrrolidine-l-carboxylic acid 
tert-butyl ester 


399 


Example 13 


Ex. 135 


^-2-Furan-2-yl-6-{2-[l-(2,4,6-trifluoro-ben2yl)- 
pyn-olidin-2-yl]-ethyl}-[l^,4]triazolo[l,5-a]pyra2m 
ylamine 


443 


Example 32 


Ex. 136 


#-6-{2-[l -(4-Bromo- 1 -methyl- 1 H-pyrazol-3 - 
ylmethyi)-pyn-olidin-2-yl]-ethyl}-2-furan-2-yl- 
[ 1 ,2,4]triazolo[ 1 ,5-a]pyrazin-8-ylamine 


472 


Example 32 


Ex. 137 


i?-6- {2-[ 1 -(5-Chloro-furan-2-ylmethyl)-pyrrolidin-2- 
yl]-ethyi} -2-furan-2-yl-[ 1 ,2,4]triazolo[ 1 ,5-a]pyrazin-8- 
ylamine 


414 


Example 32 
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Example 


Name 


MS (m/z) 
[M+H1+ 


Synthetic 
Method 


Ex. 138 


S-6- {2- [ 1 -(5-CMoro-furan-2-ylmethyl)^ 
yl]-emyl}-2-f^ 1 
ylamine 


414 


Example 32 


Ex. 139 


J R-6-{2-[l-(3,5-Dimethyl-isoxazol-4-ylmetIiyl)- 
pyrroUaUn-2-yl]-ethyl} -2-furan-2-yl-[ 1 ,2,4] triazolo[ 1 ,5- 
a]pyrazin- 8 -ylamine 


408 


Example 32 


Ex. 140 


2-Furan-2-yl-6-hex- 1 -enyl-[ 1 ,2,4] triazolo [ 1 ,5- 
a]pyrazin-8-ylamine 


284 


Example 4 


Ex. 141 


3-(8-Amino-2-furan-2-yl-[l ,2,4]triazolo[l ,5-a]pyrazin- 
6-yl)-benzoic acid ethyl ester ' 


350 


Example 4 


Ex.142 


3-(8-Amino-2-furan-2-yl-[l ,2, 4] triazolo [1 ,5-a]pyrazin- 
6-yl)-benzamide 


321 


Example 6 


Ex.143 


3-(8-Amino-2-furan-2-yl-[l,2,4]triazolo[i,5-a]pyrazin- 
6-yl)-N-isopropyl-benzamide 


363 


Example6 


Ex. 144 ' 


3-(8-Amino-2-furan-2-yl-[ 1 ,2,4]triazolo[l ,5-a]pyrazin- 
6-yl)-N-butyl-:benzamide 


377 


Example 6 


. • Ex. 145 


3-(8-Aminb-2-fiiran-2-yi-[l,2,4]triazo 

6-y^N-[2-(4-hydroxy-phenyl)^thyl]-benzamide 


•441 


Example 6 


. Ex.146 


3 -(8- Ammo-2-:ruran-2-yl-[ 1 ,2,4] triazolo [1 ,5-a]pyrazin- 
6-yl)-N^-dimethyl-benzamide 


349 


Example 6 . 


Ex.147 


3-{8-Amino-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin- 
6-yl)-N^f-diethyl-benzamide 


77 


. Example 6 


Ex. 148 


[3-(8-Amino->2-furan-2-yl-[ 1 ,2,4] triazolo [ 1 ,5- 
a]pyrazin-6-yl)-phenyi]-pyrrolidin- 1 -yl-methanone 


375 


Example 6 


Ex. 149 


[3-(8-Amino-2-fl^an-2-yl-tl,2,4]triazolo[l,5- 
a]pyrazin-6-yl)-phenyl]-morpholin-4-yl-methanone 


391 


Example 6 


Ex. 150 


l-[3-(8-Amino-2~furan-2--yl-[l > 2,4]triazolo[l,5- 
a]pyrazin-6-yl)-benzoyl]-piperidine-3-carboxylic acid 
ethyl ester 


461 


Example 6 


Ex.151 


[3-(8-Amino-2-furan-2-yl-[ 1 ,2,4] triazolo [ 1 ,5- 
a]pyrazin-6-yl)-phenyi]-(4-berizyl-piperazin-l -yl)- 
methanone 


481 


Example 6 


Ex. 152 


[3-(8-Amino-2-furan-2-yl-[l,2,4]triazolo[l,5- 
a]pyra2in-6-yl)-phenyl]^4-pyridin-4-yl-piperazin-l- 
yl)-methanone 


468 


Example 6 


Ex. 153 


[3-(8-Amino-2-fhran-2-yl-[l,2,4]triazolo[l,5» 
a]pyrazin-6-yl)-phenyl]-(4-pyridin-2-yl-piperazin- 1 - 
yl)-methanone 


468 


Example 6 


Ex. 154 


[4-(8-Arxiino-2-fliran-2--yl-.[ 1,2,4] triazolo[ 1,5- 
a]pyrazm-6-yl)-phenyl]-(4-pyridin-2-yl-piperazin- 1 - 
yl)-methanone 


468 


Example 6 
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Example 


Name 


MS (m/z) 
[M+H1+ 


Synthetic 
Method 


Ex. 155 


F4-C 8- Amino-2-furan-2-vl-r 1 2 41triazolon 5- 

a]pyrazin-6-yl)-phenyl]-(4-pyridin^4 r l-pip e ^" 1 - 1 - 
yl)-methanone 


" 468 


Example 6 


Ex. 156 


4-(8-Amino-2-fliran-2-yl-[l^,4]triazolo[l,5-a]pyrazin- 
6-yl)-N-isopropyl-benzamide 


363 


Example 6 


Ex. 157 


4-(8-Amino-2-furan-2-yl-[l,2,4]triazoIo[l,5-a]pyrazdn- 
6-yl)-N-[2-(4-hydroxy-plienyl)-ethyl]-benzamide 


441 


Example 6 


Ex. 158 


4-(8-Amino-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazin- 
6-yl)-N-(3-imidazol- 1 -yl-propyl)-benzamide 


429 


Example 6 


Ex. 159 


4-(8 -Amino-2-furan-2-yl-[ 1 ,2,4]triazolo[ 1 ,5-a]pyrazin- 
6-yl)-N-butyl-benzamide 


377 


Example 6 


Ex. 160 


1 -r4-(R-Aminh-2-fiirari-2-v1-r 1 1 41triaro1nn 5- 

A |_ • ^t> .f^lIlllIVJ JL* 1U1 CULL y 1 1 1 j^j*TJ 1CUU\JX\J\^1 , J~ 

a]pyrazin-6-yl)-benzoyl]-piperidine-3 -carboxylic acid 
v ethyl ester 


461 


Example 6 


Ex. 161 


[4^8-Amino-2-furan-2-yl-[l^ 9 4]triazolo[l,5- 
a]pyrazin-6-yl)-phenyl]-morpholin^-yl-methanone 


391 


Example 6 

r. 


Ex.162 


[4-(8-Ainino-2-furan-2-yl-[l ^ 9 4]triazblo[l ,5- 
a]pyrazin-6-yl)-phenyl]-p^olidin-l-yl-methanone 


375 


v Example 6 

er 


Ex. 163 


[4-(8-Amino-2-furan^2-yl-[l,2,4]triazolo[l,57 
a]pyra2dn-6-yl)-phehyl]-piperi(^ 


389 


Example .6 


Ex.164 


* 2-Furan-2-yl-6-pyridin-3-yl-[l ,2,4]triazolo[l ,5- 
a]pyrazin-8-ylamine 


" 279 


. Example 4 


Ex. 165 


Sre.* •» . . 

2»Furari-2-yl-6-m-tolyl-[l,2 J 4]triazolo[l,5-a]pyrazin-8- 
ylamine 


292 


Example 4 


Ex. 166 


6-(3 3 4-DichIoro-phenyl)-2-furan-2-yl- 
[1 ,2,4]triazolo[l ,5-a]pyrazin-8-ylamine 


347 


Example 4 


Ex. 167 


6-(3,5-Bis-trifluoromethyl-phenyl)-2--furan-2-yl- 
[1 ,2,4]triazolo[l ,5-a]pyrazin-8-ylamine 


414 


Example 4 


Ex. 168 


2-Furan-2-yl-6-(4-methylsulfanyl-phenyl)- 
[1 s 2,4]triazolo[l ,5-a]pyrazin-8-ylamine 


324 


Example 4 


Ex. 169 


6-(3-Amino-phenyl)-2-furan-2-yl-[l 9 2,4]tnazolo[l,5- 
a]pyrazin-8-ylamine 


293 


Example 4 


Ex. 170 


2,6-Di-fliran-2-yl-[l 3 2,4]triazolo[l,5-a]pyrazin-8-- 
ylamine 


268 


Example 4 


Ex. 171 


6-(4-Dimethylamino-phenyl)-2-ruran-2-yl- 
[1 ,2,4]triazolo[l ,5-a]pyrazin-8-ylamine 


321 


Example 4 
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Example 


Name 


MS (m/z) 
[M+H]+ 


Synthetic 
Method 


Ex.172 


2-Furan-2-yl-6-naphthaleVl-yl-[l,2 5 4]triazolo[l,5- 
a]pyrazin-8-ylamine 


328 


Example 4 


Ex. 173 


[3-(8-Amino-2-furan-2-yl-[l,2,4]triazolo[l,5- 
a]pyrazin-6-yl)-phenyl]-methanol 


308 


Example 4 


Ex. 174 


3-[3-(8-Ajtnino-2-furan-2-yl-[ 1 ,2,4]triazolo[l ,5- 
a]pyrazin-6-yl)-phenyl]-acrylic acid 


348 


Example 4 


Ex. 175 


6-(3 -Beiizyloxy-phenyl)-2-furan-2-yl- 
[ 1 ,2,4]triazolo[ 1 ,5-a]pyrazin-8 -ylamine 


384 


Example 4 


Ex. 176 


2-Fiii^-2-yl-6-(2 9 4,6-trimethyl-phenyl)- 
[ 1 ,2,4]triazolo[l ,5-a]pyrazm-8-ylamine 


320 


Example 4 


• Ex.177 


3-(8-Ammo-2-furan-2-yl-[l ,2,4]triazolo[l ,5-a]pyrazin- 
6-yl)-benzaldehyde 


306 


Example 4 


< 

• • - 

/ Ex: 178 


3-[3-(8-Amm6-2-furan-2-yl-[l^,4]triazolo[l,5- 
a]pyrazin-6-yl)-phenyl]-acrylic acid ethyl ester 


.-. 376 


Example 4 


K . Ex: 179 


- [4-(8-Amigp-2-furan-2-yl-[l 5 2,4]triazolo[l,5- 
a]pyrazin-6-yl)-pliehyl]-methaiiol 


308 


Example '4 * 


Ex.180 


L-r uran-z-yi- o-{p-\ i^ynam-z-yimemyi^-amiiio j - 
methyl} -phenyl)-[l ,2,4]triazolo[ 1 5 5-a]pyrazin-8- 
ylamine 


.398 


" Example 4 


Ex. 181 


4-(8-Amino-2-furan-2-yl-[l ,2,4]triazolo[l 9 5-a]pyrazin- 
6-yl)-benzaldehyde 


- 306 


Example 4 


Ex. 182 


z-puran-z-yi-O"-^'" ^ L^yiiain-z-yiineiiiyi ^-ojiiiju.vjj- 
methyl} -phenyl)-[l ,2,4] triazolo[l ,5-a]pyrazin-8- 
ylamine 


398 


Example 4 


Ex. 183. 


2-Furaa-2-yl-6-quinolin-8-yl-[l,2,4]triazolo[l,5- 
a]pyrazin-8-ylamine 


■ 329 


Example 4 


Ex. 184 


6-(2-Fluoro-biphenyl-4-yl)-2-furan-2-yl- 
[l,2,4]triazolo[l 9 5-a]pyrazm-8-ylaioine 


372 


Example 4 


Ex. 185 


6-(3-Amiiiomethyl-phenyl)-2-furan-2-yl- 
[l^^triazolotl^-ajpyrazm-S-ylaJiiine 


307 


Example 4 


Ex. 186 


2-Furan-2-yl-6-furan-3-yl-[l ,2,4]tnazolo[l ,5- 
a]pyrazin-8 -ylamine 


268 


Example 4 


Ex. 187 


3-(8-Amino-2-furan-2-yl-[l,2 3 4]triazolo[l,5-a]pyrazin- 
6-yl)-benzonitrile 


303 


Example 4 


Ex. 188 


2-Furan-2-yl-6-(lH-indol-6-yl)-[l ,2,4]triazolo[l ,5- 
a]pyrazm-8 -ylamine 


317 


Example 4 
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Example 


Name 


MS (m/z) 
[M+H]+ 


Synthetic 
Method 


Ex. 189 


6-Benzofuran-2-yl-2-furan-2-yl-[ 1 ,2,4]triazolo[ 1 ,5- 
a]p>Tazdn-8-ySmine 


318 


Example 4. 


Ex. 190 


2-Fuxan-2-yl-6-(3-isopropyl-phenyl)- 
[ 1 ,2,4]triazolo[ 1 ,5-a]pyrazin-8-ylarnine 


320 


Example 4 


Ex. 191 


6-(2,4-Dimethoxy-pyrimidin-5-yl)-2-furan-2-yl- 
[1 ,2,4]triazolo[ 1 ,5-a]pyrazin-8-ylamine 


309 


Example 4 


Ex. 192 


2 -Furan-2 -yl- 6- (4-phenoxy-pheny 1) - [ 1 ,2,4] triazolof 1 ,5- 
a]pyrazin-8-ylamine 


370 


Example 4 


Ex. 193 


6 -Dibenzo fur an~4-yl-2- furan-2 -yl-[ 1 ,2,4] triazolof 1,5- 
a]pyrazin-8-ylamine 


368 


Example 4 


Ex. 194 


4-(8-Amino-2-furari-2-yl-f 1 ,2,4]triazolo[l ,5-a]pyrazin- 
6-yl)-benzonitrile 

*> 


303 


Example 4 


Ex. 195 


6-(4 - Amino-phenyl)-2 -furan-2 -yl- [ 1 ,2,4] triazolof 1 ,5- . 
a]pyrazin-8-ylamine 


— Jew 


Example 4 


v'^JEx. 196 


2-Furan-2-yl-6^henoxathiin-4-yl-[l ,2,4]triazolo[ 1,5- 
a]pyrazin-8-ylamine 


4od ; 


Example 4 


Ex. 197 


4-(8-Arnino-2-furan-2-yl-'[l ,2,4] triazolof 1 ,5-a]pyrazin- 
6-yi)-benzoic acid 


322 


i&ample 4 


Ex. 198 


N-[3-(8^Aminq-2-furan-2-yl-[ 1 ,2,4]triazolo[ 1 ,5- 
a]pyrazin-6-yl)-phenyl]-meth^esulfonainid^ 


371 


Example 4 


Ex. 199 


2-Furan-2-yl- 6 - (3 -methanesulfony 1-phenyl) - 
[1 ,2,4]triazolofl ,5-a]pyrazin-8-ylamine 


356 


, Example 4 


Ex. 200 


6-Benzofl ,3]dioxol-5-yl-2-furan-2-yl- 
[1 ,2,4]triazolo[l ,5-a]pyrazin-8-ylamine 


322 


Example 4 


Ex. 201 


2-Furan-2-yl-6-(6-methoxy-pyridin-3-yl)- 
[1 ,2,4]triazolo[l ,5-a]pyrazin-8-ylamine 


309 


Example 4 


Ex. 202 


2-Furan-2-yl-6-(3-metiioxy-phenyl)-[l,2,4]triazolo[l,5- 
a]pyrazin-8-ylamine 


308 


Example 4 


Ex. 203 


N-[3-(8-Amino-2-furan-2-yl"[l,2,4]triazolo[l,5- 
a]pyrazin-6-yl)-phenyl]-acetamide 


IOC 

335 


Example 4 


Ex. 204 


1 -[3-(8-Amino-2-furan-2-yl-[ 1 ,2,4]triazolo[ 1,5- 
a]pyrazin-6-yl)-phenyl]-ethanone 


320 


Example 4 


Ex. 205 


6-(3,5-Dimethyl-isoxazol-4-yl)-2-furan-2-yl- 
[1 ,2,4]triazolo[ 1 ,5-a]pyra2an-8-ylamine 


297 


Example 4 
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- Example 


Name 


MSXm/z) 
[M+H]+ 


Synthetic 
Method 


Ex. 206 


O T7ii»*q*i O «>1 c. ( 1 -t,-\ n . . j.t_ i i <\ 

z-rxii^-z-yi-o-^J-traluoromet^l-phenyl)-- 
[1 ,2,4]triaz61o[i ,5-a]pyrazm-t^ylamine 


346 


Example 4 


Ex. 207 


z^uran-/-yl-o-pynrmdin-5-yl--[l,2 > 4]tnazolo[l 5 5- 
a]pyrazin-8~ylamine 


280 


Example 4 


Ex. 208 


z-^uran-2-yl-o-(3-nitro-phenyl)-[ l ,2,4]tnazolo[l ,5- 
a]pyrazin-8-ylamine 


323 


Example 4 


Ex. 209 


o-^-iJimetaylammo-pnenyl)-2-furan-2-yl-- 
[ 1 ,2,4] triazolo[ 1 ,5-a]pyrazin-8-ylamine 


321 


Example 4 


Ex. 210 


•*Ho-Ammo-z-turan-z-yl-[l ,2,4jtnazolo[l ,5-a]pyrazin- 
6-yl)-benzoic acid ethyl ester 


350 


Example 4 


Ex.211 


^-<8-Ammo-z-iuran-2-yl-[ 1 ,2,4Jtnazolo[l 3 5•-a]pyrazln- 
6-yl)-bercoic acki methyl ester 


336 


Example 4 


Ex.212 


z-ruran-z-yi-o-(4-triiiuoromethoxy-phenyl)*- 
[1 ,2,4]tria2olp[l ,5-a]pyrazin-8-ylamine 


362 


Example 4 


Ex.213 

v. 


- * 

z-rxiran-z-yl-o^3-tnfluoromethoxy-phenyl)- j 
[l^,4]triazolo[l,5-a]pyrazin-8-ylaiiiine 


362 


• 

Example 4 


Ex.214 


z-t , uran-z-yi-^(4-mtrcHphenyl)-[l,2,4jtnazolo£l,5-' 
a]pyrazin-8-ylamine 


323 


, Example 4 


Ex.215- 


v . - 
z~r uran-Z-yl-o^4-metlianesiilfonyl-phenyl)«- 
[1 ,2,4]triazolo[l ,5-a]pyrazin-8-ylamine 


356 


Example 4 


Ex.216 


j-^»-Airuno-z-ruran-z-yl-Ll,2,4]tnazolo[l,5-a]pyrazin-- 
6-yl)-phehol 


294 


Example 4 


Ex.217 


^-^5-Ainino-z-iuran-z-yi-ii ,z,4Jtnazolo[l ,5-a]pyrazin- 
6-yl)-phenol 


294 


Example 4 


Ex.218 


A^fQ_ A TYllfH"* 0 AirnM O ■« r1 1*1 1 fill ,* ■■ 1 ft _1 • 

^-^o-/\mino-z~niran-z-yl-[l J z,4Jtnazolo[l ,5-a]pyrazin- 
6-yl)-2-methoxy-phenol 


324 


Example 4 


Ex.219 


o--ftxnino-z-ruran-z-yi-L 1 9 z^4jtnazoIoL 1 , 5 - a Jpyrazine- 6 - 
carboxylic acid butylamide 


301 


Example 1 1 


ISX. ZZU 


8-Amino-2-furan-2-yl-[l,2 3 4]triazolo[l 3 5-a]pyrazine-6- 
carboxylic acid [2-(4-hydroxy-phenyl)-ethyl]-amide 


365 


Example 1 1 


Ex. 221 


8-Amino-2-furan-2-yl-[l,2,4]triazolo[l,5-a]pyrazine-6- 
carboxylic acid (3-phenyl-propyl)-amide 


363 


Example 1 1 


Ex. 222 


8-Amino-2-furan-2-yl-[ 1 ,2,4]triazolo[ 1 ,5-a]pyrazine-6- 
carboxylic acid benzylamide 


335 


Example 1 1 
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1 mMI Ululw 


Name 


[M+HJ+ 


ayntnetic 
Method 


Ex. 223 


8-Amino-2-furan-2-yl-[ 1 ,2,4]triazololl ,5-alpvrazine-6- 
carboxylic acid benzyl-methyl-amide 


349 


Example 1 1 


Ex 224 


(8~Amino-2-furan~2-yl-[l,2 5 4]triazolo[l,5-a]pyrazin--6- 
yl)-pyrrolidin- 1 -yl-methanone 


299 


Example 11 


Ex. 225 


(8-Amino-2-furan-2~yl-[l,2,4JtTiazolo[l,5-a]pyrazin-6- 
yl>piperidin-l-yl-methanone 


313 


Example 1 1 


Ex 226 


(8-Ainmo-2-furan-2-yl-[ 1 ,2,4]triazolo[ 1 ,5-a]pyrazin-6- 
yl)-morpholin-4-yl-methanone 


315 


Example 1 1 


Fx 997 


l-(8-Amino-2-furan-2-yl-[l,2,4]triazolo[l,5- 
a]pyrazine-6-carbonyl)-piperidine-3-carboxylic acid 
ethyl ester 


385 


Example 1 1 


Ex. 228 


(8-Amino-2-furan-2-yl-[l,2,4]triazolo[l 9 5-a]pyrazin-6- 
yl)-(4rbenzyl-piperazin-l-yl)-methanone * 




Example 11 

> 


Ex. 229 


(8-Amino-2-furan-2-yl-[l,2,4]triazolo[l,5^ 
yl)-(4-pyridin-4-yl-piperazin- l-yl)-methanoiie 


391 


Example 1 1 


| Ex. 230 


(8-Ammp-2-funm-2-yH^ 
$>(4-pyridm-2^ 


391 


Example 11 



10 



15 



* o £• 

The A 2a modulating activity of compounds of the present invention can be 
assessed by methods described in the following examples. 

■p 

Example 231 

Numerous compounds of the present invention were prepared (see working 
examples and table above) and tested. Specifically, the Kj values for rat and human A, 
adenosine receptors and for human A 2a adenosine receptors were determined according 
to the following binding assay protocol. The ratio A 2a /Ai was also calculated. 
Materials 

Adenosine deaminase and HEPES were purchased from Sigma-Aldrich (St. 
Louis, MO). Ham's F-12 cell culture medium and fetal bovine serum were purchased 
from GIBCO Life Technologies (Gaithersburg, MD). Antibiotic G-418, Falcon 150 
mM culture plates and Costar 12-well culture plates were purchased from Fisher 
(Pittsburgh, PA). [ 3 H]CPX was purchased from DuPont-New England Nuclear 
Research Products (Boston, MA). Penicillin/streptomycin antibiotic mixture was 
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purchased from Mediatech (Washington, Dfc). The composition of HEPES-buffered 
Hank's solution was: 130 mM NaCl, 5.0 mM CI, 1.5 ihM CaCl 2 , 0.41 mM MgS0 4 , 0.49 
mM Na 2 HP0 4 , 0.44 mM KH 2 P0 4 , 5.6 mM dextrose, fcnd 5 mM HEPES (pH 7.4). 
Membrane preparation 

5 A2a Receptor: Membranes were prepared from rat brain tissues purchased from 

Pel-Freez. Tissues were homogenized in buffer A (10 mM EDTA, 10 mM Na-HEPES, 
pH 7.4) supplemented with protease inhibitors (10 |ng/ml benzamidine, 100 \jM PMSF, 
and 2 jxg/ml each of aprotinin, pepstatin and leupeptin), and centrifuged at 20,000 x g 
for 20 minutes. Pellets were resuspended and washed twice with buffer HE (10 mM 
10 Na-HEPES, 1 mM EDTA, pH 7.4, plus protease inhibitors). Final pellets were 
resuspended in buffer HE, supplemented with 10% (w/vj sucrose and protease 
inhibitors, and frozen in aliquots at -80°C. Protein concentrations were measured using 
BCA protein assay kit (Pierce). 

Rat Ai Receptor: Membranes were prepared from rat cerebral cortex isolated 
1 5 from freshly euthanized rats. Tissues were homogenized in buffer A (10 mM EDTA, 
10 mM Na-HEPES, pH 7.4) supplemented with protease inhibitors (10 iig/ml 
benzamidine, 100 \jM PMSF, and 2 ng/ml each of aprotinin, pepstatin and leupeptih), 
and centrifuged at 20,000 x g for 20 minutes. Pellets were resuspended and washed 
- twice with buffer HE (10 mM Na-HEPES, i mM EDTA, pH 7.4, pl\8 protease 
20 inhibitors). Final pellets were resuspended in buffer HE, supplemented with 10% (w/v) 
sucrose and protease inhibitors, and frozen in aliquots at -80°C. Protein concentrations 
were measured using BCA protein assay kit (Pierce). 
Radioligand binding assays 

Membranes (40-70 jixg membrane protein), radioligands and varying 
25 concentrations of test compounds of the present invention were incubated in triplicates 
in 0.1 ml buffer HE plus 2 units/ml adenosine deaminase for 2.5 hours at 21 °C. 
Radioligand [ 3 H]DPCPX was used for competition binding assays on Ai receptors and 
[ 3 H]ZM241385 as used for A 2a adenosine receptors. Nonspecific binding was 
measured in the presence of 10 jiM NEC A for Ai receptors, or 10 |xM XAC for A 2a 
30 receptors. Binding assays were terminated by filtration over Whatman GF/C glass fiber 
filters using a BRANDEL cell harvester. Filters were rinsed three times with 3-4 mL 
ice cold 10 mM Tris-HCl, pH 7.4 and 5 mM MgCl 2 at 4°C, and were counted in a 
Wallac p-couhter. 
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Analysis of binding data 

Ki determination: Competition binding data were fit to a single-site binding 
model and plotted using Prizm GraphPad. Cheng-Prusoff equation Kj = iC 5 o/(l+[I]/K<i) 
was used to calculate Ki values from IC50 values, where Ki is the affinity constant for 
5 the competing test compound, [I] is the concentration of the free radioligand, and IQ is 
the affinity constant for the radioligand. 

A2a % binding: Data were generally expressed as percentage of total specific 
binding at 1 |uM of competing test compound (% total specific binding) = 100 % x 
(specific binding with 1 |llM of competing test compound / total specific binding). 
10 Results 

Compounds of the present invention typically exhibited Ki values of less than 
10 jjM and % binding ranging from 1 % to 50 %; some compounds exhibited Ki 
values of less than 1 nM. 

15 Example 232 v * v 

Catalepsy Experiments 

Haloperidol-induced catalepsy was used to mimic the effects of Parkinson's 
- disease in rats and mice. Animals were injected with haloperidol, which causes 

immobility! - A t$st compound of the present invention was then administered orally and 
20 the compound's ability to reverse these Parkinson' s-like symptoms was analyzed. For 
reference, see Sanberg et al., Behavioral Neuroscience 102: 748-759 (1988). 
Rats 

Male Sprague-Dawley rats (225-275 g) were injected with haloperidol (1 mg/kg 
s.c.) to induce catalepsy. These rats were then subjected to the bar test. In this test, the 

25 rats' forelimbs were placed on an aluminum bar (1 cm in diameter) suspended 

horizontally 10 cm above the surface of the bench. The elapsed time until the rat 
placed one forepaw back on the bench was measured, with a maximum time of 120 
seconds allowed. It should be noted that these rats were in a cataleptic state and 
therefore were unable to correct an externally imposed posture (i.e., the cataleptic rats, 

30 when placed in this unnatural position, were unable to come down from the horizontal 
bar over a period of 120 seconds or more). Once the rats showed a stable baseline 
cataleptic response (about three hours after haloperidol injection), a test compound of 
the present invention or vehicle alone is administered orally, and catalepsy data from 
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tlje bar test were measured every 30 minutes for the next 3 hours. Data. were. analyzed 
by one factor analysis of variance with Dunnett's 'V test used to make post-hoc 
comparisons. Many compounds of this invention showed oral activity at a dosage of 10 
mg/kg or lower, which allowed the cataleptic animals to come down from the bar 
within 60 seconds and remained in a catalepsy-free state for at least 60 minutes. 
Mice 

Mice catalepsy experiment was conducted in the same manner as described 
above except mice (CD-I; 25-30 g) were used instead of rats, the dose of haloperidol 
was 3 mg/kg s.c. instead of 1 mg/kg s.c, and the bar was suspended 4.5 cm instead of 
10 cm above the surface of the bench. Many compounds of this invention showed oral 
activity at a dosage of 1 0 mg/kg or lower, which allowed the cataleptic animals to come 
down from the bar within 60 seconds and remained in a catalepsy-free state for at least 
60 minutes. <■ . 

Ot her Embodiments 

^ = * It is fo be understood that while the invention has been described in conjunction 
.with the detailed description thereof, the foregoing description is intended to illustrate 
and not limit the scope'of the invention, which is^efined by the scope of the appended 
claims. Other aspects, advantages, and modifications are within the scope of the 
following claims. 



